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1. Spectacle preaentecl bj the firmament.— 2. Useful obserrflMona can be 
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HOW TO OBSBBVE THE HEAVENS, 

Btars. — 17. Use of the imaginary figure to express the podtion of the 
stars. — 18. Ursa minor: the pole star. — 19. How it makes a 
nocturnal dock. — 20. Arctic circle : ongin of the name. — 21. Cassio- 
peia's chair. — 22. Pegasus and Andromeda. — 23. Perseus. — 24. 
Auriga. — 25, General view of the region of these constellations : 
Capella, Vega» Adrided, and Altair. — 26. Orion. 

1. To all persons in whose minds a taste for the study of nature 
has been awakened, there is no spectade which excites an interest 
80 intense as that which is offered by the firmament on a clear 
night ; and to such there is no occupation more pleasing than from 
season to season to observe on clear nights the changes which take 
place in that glorious scene. But to render such contemplation still 
more agreeable, and to enable the intelligent spectator to turn his 
observations to profitable account, it is necessary that he should 
render himself familiar with the objects which are there presented 
in such countless numbers and endless variety. 

2. It is a great error to suppose that all useful astronomical 
observations must necessarily be confined to observatories, and 
that no one can taste the pleasures offered by practical astro- 
nomy who is not supplied with telescopes and otner optical and 
astronomical apparatus. Our Maker has given us, in the eye, an 
instrument of exquisite structure, and has supplied us with an 
understanding, by which that organ may be directed to the most 
sublime speculations. But even when it is useful that the natural 
limits of our organs of vision may be extended, and their aim 
directed with greater precision by artificial and scientific aid, 
much may be accomplished by the most simple and economical 
means, A common opera-glass will often give us a distinct view 
of numerous objects which would otherwise escape the naked eye. 
The most ordinary telescope will be still more useful. And those 
who occupy themselves habitually with the celestial scenery, so 
as to be familiarised with its general features, character, and 
apparent motions, will not be slow to contrive various simple 
expedients by which the relative position of objects can be 
ascertained and measured and the succession of their appearances 
and disappearances anticipated. 

"We shall therefore, on the present occasion, endeavour to give 
such plain and simple rules as may enable every one, by the mere 
use of his eyes, and still more by the occasional use of such 
optical aids as are almost universally accessible, to occupy him- 
self advantageously with the contemplation of the heavens. 

3, Let us then suppose a person totally ignorant of astronomy 
to stand with his face directed to the south, and to view the 
heavens on a clear starlight night. No long time will elapse 
before he will be rendered conscious that the splendid panorama 
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presented to him is not stationary. In the course of an hour, he 
will observe that various objects which were visible above the 
horizon on his right have disappeared ; and that, on the contrary, 
a corresponding number of objects, which were not visible above 
the horizon on his left, have come into view. By further atten- 
tion he will perceive that the objects which were at the mid- 
heavens, in the direction due south, are now no longer so, but 
have descended towards the right, that is, towards the west, 
while objects which were to the left of the mid-heavens will have 
risen to that region. 

4. To assist our explanation, let us imagine the entire firma- 
ment divided by a line or great circle, rising from the point of 
the horizon towards which the observer is supposed to look, and 
being carried vertically upwards to pass over his head, and to 
descend behind him to the northern point of the horizon. This 
great line of division, which is called the celestial meridian, 
divides the whole visible firmament into two equal parts ; one 
lying to the west, or to the right, and the other to the east, or to 
the left, of the observer. 

By continuing his attentive observation of what goes on before 
him, he will soon perceive that all the objects visible upon the 
^firmament are in motion. That they rise on the east side ; that 
they ascend to the meridian ; and then, descending to the west, 
pass below the horizon and disappear. 

5. Let us now suppose our observer to face roimd and direct 
his view to the north. A different spectacle will be presented to 
him. Supposing him to be placed in these climates, he will soon 
ascertain that the chief part of the objects which are visible in 
the firmament do not appear and disappear ; that is, they do not 
rise and set. If, for example, any such object be observed upon 
the celestial meridian over his head so soon after sunset as the 
stars become visible, he will observe it from hour to hour to 
descend on his left, that is, towards the west, and to depart more 
and more from the meridian. So far, however, this is what 
equally took place when he looked to the south, and had the west 
upon his right. But after the lapse of a certain time he will 
find diflferent appearances to be manifested. At the end of about 
three hours from the time the object referred to began to depart 
from the meridian, it will be found to have attained a certain 
limit of distance from the meridian, which will not be exceeded. 
After this it will begin, on the contrary, again to approach the 
meridian ; but, in doing so, will also approach the horizon, as 
though it were ultimately destined to set. Such, however, will 
not be the case ; for, at the end of twelve hours, if the return of 
daylight be sufficiently retarded to enable our observer still to see 
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the oljeoty it will haye returned ix> the meridian, without having 
gone below the horizon or disappeared. 

In thoft pasaing from an deyated point of the meridian to 
another peint much lower^ the object in question will appear to 
moYo over a s^micirele of the heavens, of whidi the part of the 
meridian between the point from which it departed and the point 
at whidi it arrives is the diameter. 

If the same object could be se^oi during the succeeding twelve 
hours, it would be observed to move over the corresponding 
semicircle to the east of the meridian, that is, to the right of the 
observer ; and, at the «id of this second interval of twelve hours, 
the objeet would return to that more elevated point of the 
meridian from whidi it started. 

Such an object, therefc»re, never rises or sets; and if the 
presence of the sun did not render it invisible during the day, it 
might be seen to revolve continually in a cinde of the heavens 
divided into two equal semicirdes,. east and west,lby the meridian, 
completing its revolution in such circle, and therefore returning to 
the same point of the meridian, after an interval <^ about twenty- 
four hours. 

What has been here stated respecting a single objeet, is true, 
with certain qualifications, of an immense number of objects visible 
to an observer looking to the north, as here supposed. All such 
objects like that described appear to revolve in circles, but not all 
in the same circle. Some win be found to revolve in greater, and 
some in lesser, circles ; but all sach eirdes are diaraoterised by two 
most remarkable circumstances, the first of whidi is, that they all 
have the same centre, which is a certain point on the celestial meri- 
dian ; and the second is, that all the objects which move in them, 
complete their revolution in precisely the same time. 

Such being then the general character of the dianges which the 
scene presented by the heavens to the observer undergoes, let us 
consider some other important circumstances attending it. 

6. After attentively contemplating this spectacle for several 
nights, the observer will not fail to be struck with the fact, that 
the relative position and configuration of the objects upon it, 
remains always unchanged, ^s remarkable circumstance is 
rendered the more easily observable by the fact that the objects 
themselves differ greatly in apparent splendour, some being 
exceedingly bright and conspicuous, while others are barely dis- 
tinguishable. The observer soon becomes familiar with the 
relative arrangement and configuration of the brighter and more 
conspicuous ones ; and, grouping them in his imagination, retains 
their forms so as immediately to recognise them upon their 
successive reappearances. 
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7. This oircumstance of the unaltered configoratioii and rela- 
tive positions of this mtdtitude of objects scattered oyer the firma- 
ment, suggests irresistibly the idea, that the motion of revolution 
described above, in which they all participate, is not a motion 
proper to each separate and independent object, bat one which 
belongs to the firmament itself, upon which they appear as if 
they were fixed. In short, the firmament presents the aspect of 
a hollow sphere of vast dimensions, in the centre of which the 
observer is placed, and upon the sur&oe of which the countless 
multitudes of objects which he beholds are fixed. This stu- 
pendous sphere appears to have a motion of revolution on a certain 
diameter as an axis, making a complete revolution once in twenty- 
four hours. The diameter round which it revolves, or appears to 
revolve, is directed to a certain point of the northern quadrant of 
the meridian, the altitude of which above the horizon of the 
observer, will be always found to be exactly equal to the latitude 
of his station. This motion of revolution of the firmament, carry- 
ing with it the numerous objects seen upon it, will perfectly 
explain all the appearances above described, and many others. 
Thus, it is evident that all objects on the. celestial sphere must be 
moved in circles parallel one to another round its axis ; 'and that 
these circles become gradually less as the object is nearer to the 
pole. When the observer looks to the south, the circles described 
by the objects are partly above and partly below the horizon ; 
and, consequently, all such objects alternately rise and set. But 
when he looks to the north, the chief part of the objects which he 
beholds being nearer to the extremity of the axis round which 
the sphere is carried, describe circles smaller and smaller, which, 
being entirely above the horizon, the objects in them neitiier rise 
nor set. 

8. From what has been stated, it will be obvious, that an object 
placed precisely at that point of the meridian at which the axis 
round which the sphere turns terminates, would be immoveable ; 
and would evidently be the only immoveable object in the visible 
firmament. It does so happen, that there actually is no star pre- 
cisely at that point ; but there is a rather conspicuous one so near 
to it, that although it moves round it in a small circle, the diameter 
of which is about six times that of the full moon, such motion can 
only be ascertained by astronomical instruments ; and therefore, 
for all the purposes of common observation, the star in question 
may be recorded as stationary, and as indicating the position of 
the northern extremity of the axis on which the celestial sphere 
appears to revolve. 

This point of the sphere is called its pole ; and as there is a 
corresponding point at the other extremity of the axis, which is 
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below the horizon, and therefore invisibley it also receives the 
name pole, and the two points are distinguished, — ^the visible 
one as the North Celestial Pole^ and the invisible one as the 
Swth Celestial Pole. 

The motion of the celestial sphere here described is apparent, 
not real, being merely an optical illusion produced by the diurnal 
rotation of the eartii upon its axis. But this being a point not 
immediately connected with our present purpose, it will be 
sufficient here merely to indicate it. The readers who desire to 
see the explanation of the apparent diurnal motion of the heavens, 
will find it in the '* Museum," vol. iii. pp. 65^ 56. 

For all the purposes of the observation of the heavens which for 
the present occupy our exclusive attention, the celestial sphere is 
to be considered as revolving on its axis once in about twenty-four 
hours, carrying with it all the objects seen upon it. 

9. The objects scattered over tMs sphere in such vast numbers, 
differing one from another greatiy in their apparent splendour, and 
being characterised by very various and often remarkable configu- 
rations, astronomers have invented a nomenclature to designate 
them, founded partly on their relative splendour, and partiy on 
their configurations. 

A catalogue of the stars being made, in which each star would 
hold a place determined by its relative splendour, the more 
splendid having the higher places ; if it were required to resolve 
such a list into classes, according to their decreasing degrees of 
brightness, it would be impossible to fix upon any points where 
each succeeding class would end and the next begin; the grada- 
tions of brightness, when star is compared with star, being 
altogether imperceptible. Nevertheless, a distribution according 
to degrees of relative splendour being by the common consent o£ 
astronomers of all ages deemed expedient, such a conventional 
classification has been adopted, arbitrary as the limits of the 
succeeding classes must necessarily have been. In this a certain 
number of the most splendid stars visible in the firmament have 
received the denomination of stars of the first magnitude ; others, 
of inferior brightness, are called stars of the second magnitude, and 
so on, the smallest stars visible to the naked eye being classed as 
stars of the sixth magnitude. 

10. The number of stars of each succeeding magnitude increases 
rapidly as their splendour diminishes. Thus, while there are 
no more than 18 or 20 of the first magnitude, there are 50 or 60 
of the second, about 200 of the third, and so on ; the total number 
visible to the naked eye, up to the sixth magnitude inclusive, 
being from 5000 to 6000. We shall see on another occasion that 
this number, great as it is, is no more than an insignificant fraction 
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of the total number of stars, the existence of which the telescope 
discloses to ns. But we shall, for the present, limit our obserya- 
tions to the stars which are yisible to the naked eye. 

It has been stated that the celestial objects generally maintain 
with relation to each other a certain invariable position, and have 
no other motion than that imparted to them in common by the 
sphere to which they are imagined to be attached. To this, 
hbweyer, there is a limited number of exceptions. There is a 
small number of objects, among which the son and moon are the 
most conspicuous, which, while they participate in the diurnal 
motion of the celestial sphere, are observed continually to shift 
their position on it, just as if a number of insects were creeping 
slowly upon the surface of a top while the top is spinning, carrying 
the insects round with it. These objects, which, exclusive of the 
sun and moon, are called Planets^ have occupied our attention on 
a former, and will again on a future, occasion ; for the present, 
however, we must be understood to notice only those which main- 
tain invariable relative positions, and which have therefore been 
denominated jfEx6<{ stars, 

11. The nomenclature of the stars, so fur as it is founded upon 
their apparent relative positions, consists in the resolution of all 
the stars of the firmament into a certain limited number of groups, 
called Constellations. These groups have been from ancient 
times invested with the imaginary forms of men, animals, and 
various other objects, natural and artificial, and have been named 
in accordance with these. Thus, the celestial spaces are par- 
titioned out arbitrarily and conventionally into distinct compart- 
ments, in a manner somewhat resembling the divisions of the land 
on the surface of the globe into empires and kingdoms. Each 
such compartment of the heavens contains a certain number of 
stars, great and smaU, the total assemblage of which constitutes 
the constellation, and is characterised by the proper name 
conferred upon it. 

Since it is of the first necessity that the astronomical student 
and amateur should be so familiar with this stellar nomenclature 
as to be able readily to distinguish and recognise not only each 
principal constellation, but also each principal star in such con- 
stellation, we propose here to give such explanations as will 
present the greatest practicable facilities in the attainment of this 
object. 

The stars composing each constellation are designated by the 
letters of the Greek alphabet, the first letters being given to the 
more splendid stars. When the number of stars in a constellation 
exceeds the number of letters in the Greek alphabet, the letters of 
the Roman alphabet are used ; and when tiiese are exhausted, the 
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remaining stars, if any, are expressed by the numbers prefixed to 
them in the catalogue of Flamstead, generally known as the 
British Catalogue. 

It lias been customary among English astronomers to designate 
the constellations by tiieir Latin names; and the astronomical 
amateur, besides rendering himself familiar with these, will find 
it convenient, when he is not a Greek scholar, to make himself 
acquainted with the characters and names of the letters of the 
Greek alphabet, which are as follows : — 



a Alpha. 
fi Beta. 

Gamma. 

Delta. 

Epsilon. 

Zeta. 

Eta. 

Theta. 

Iota. 

Kappa. 

Lambda. 

Mu. 



V Nu. 
I XI 

Omicron. 

ir Pi. 

p Bho. 

s Sigma. 

T Tau. 

V UpBilon. 
^ Phi. 

X ChL 

^ PbL 

w Om^ga. 



12. To obtain an acquaintance with the several constellations 
and the stars composing them, so as to be able readily to recognise 
them on viewing the heavens on a clear night, the student should 
in the first instance study the form and disposition of one of the 
most conspicuous of the constellations, and the most suitable for 
this purpose is that which is called Ursa majors or the great Bear, 
This constellation is so near the north celestial pole, that in our 
latitudes it never sets, and is consequently visible at all seasons 

Fig. 1. 




of the year. It consists of a considerable number of stars, but 
seven of these, shown in fig. 1, are much more conspicuous than 
the others, and are consequently the only stars popularly identified 
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mth the eonBtellation. Tbey are arranged in such a form, that 
lines oonneeting them one with another snccessiTely would hare 
the shape of a note of interrogation, or of a reaping-hook. 

13. ia conseqnenee of the proximity of this oonstellation to the 
pole, it never sets in any latitnde above that of 40®, and is con- 
sequently visible at night in all seasons of the year in the greater 
part of the northern hemisphere. This circumstance, combined 
with the splendour of the stars composing it and their remarkable 
configuration, rendered it an object of universal observation and 
attention in ike earliest ages ; and it may therefore be regarded 
as one of the most ancient of the constellations. It is frequently 
referred to in the Hebrew Scriptures, and has at various times and 
in various countries received dijSerent denominations. It i» 
referred to, for example, in the book of Job ; but the name by 
which it is designated has been mistranslated in the English 
version by Areturus^ the name of a star in a different constella- 
tion. Bochart says that the Hebrew word in Job is derived from 
an Arabic one which, signifies hier ; others maintain that it 
signifies a tcaggon, wMch would be quite consistent with the 
names given to the constellation by various people, ancient and 
modem, Greeks, Romans, Italians, Germans, and English, by 
whom severally it has been named 'A/ia(a [Amaxa), waggon or 
wain ; plaustrum, cart ; triones, a waggon and oxen ; feretrum, bier ; 
CatalettOy bier ; Wagenf waggon ; David's Car^ tiie Plough, and 
Charles' Wain. 

14. When the oonstellation was thus named, the four stars 
marked 0/87 and B were considered to represent the wheels, and 
the other three stars the shafts, poles, horses or oxen. When the 
name bier was applied to it, the four stars forming the quadrangle 
were considered to represent the sarcophagus, and the three 
remaining stars were considered to represent tbree mourners, or, 
according to some, three children of the^deceased. Admiral Smyth 
quotes Kircher as affirming that the four stars of the quadrangle 
represent the bier of Lazarus, and that the three remaining stars 
axe Mary, Martlia, and Magdalen. He also maintains that the 
popular name of Charles' Wain is a corruption of the GK>thic Karl 

Wagen, the churl or peasant's cart. 

It is a £&ct worthy of remark, recorded by historian^, that the 
Iroquois, a tribe of North American Indians were found at the 
moment of the discovery of America to be familiar with the con- 
stellation of the great Bear, which in their language was called 
Oquoarif the word which signifies hear, 

15. Although the only stars of this oonstellation fEuniliar to the 
popular eye are the seven principal ones indicated in &g» 1, the 
group which has received tiie name of Ursa major included from 
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the earliest times many others of inferior splendour, and thi» 
number has been gradually augmented as the range and aoouraey 
of observations have been increased by the improvement of tele- 
scopes. From the era of Ptolemy, a.d. 150, to that of Copernicus, 
A.D. 1500, this constellation contained 35 stars. In the time of 
Kepler, a.d. 1600, the number was augmented to 56. In Flam* 
stead's Catalogue, a.d. 1700, the number was farther augmented 
to 87, and, in fine, at the beginning of the present century, it was 
increased to 338. 

The constellation, including the stars composing it so far as they 
are visible without a telescope, is shown in fig. 2, p. 145, where the 
position and form of the imaginary figure of the bear relatively to 
the stars are indicated. It will be seen that the four stars 
afiy and 8 are upon the side, the three others marking the tail. 

16. It will be observed in fig. 2 that the principal stars of the 
constellation, besides being indicated by the Greek letters, are 
also designated by certain proper names, mostly of Arabic or 
Oriental origin ; and it may here be stated in general that besides 
the method of designating stars by naming the constellation to 
which they belong, and the letter which distinguishes them in 
such constellation, most of the conspicuous stars have received 
proper names which probably were conferred upon them before 
the system of consteUationB was established ; and many of these 
stars are now much more frequently designated by these proper 
names than by that which connects them with the constellation. 
Thus, for example, the most splendid star in the constellation of 
Cams major or the greater Dog, instead of being called a Canis 
majorUy which would be its name in the nomenclature of the 
constellations, is almost invariably called SiriuB, In the same 
manner, the principal star of the constellation Leo, is always 
called Begulus and never a Leonia. 

These observations, however, are not applicable in the same 
manner to the seven principal stars of Ursa major, which are 
more generally designated by the Gbeek letters wMch connect 
them with the constellation. 

17. The position of the stars composing a constellation is also 
frequently indicated by naming the part of the imaginary figure 
designating the constellation at which the star is found. Thus, 
for example, the position of 17 Urs89 majoris, is indicated by 
stating that it is at the tip of the tail. In like manner, the 
position of a certain star in the constellation TauruSy is indicated 
by stating that it is in the ** bull's eye." This form of expres- 
sion, which is in very frequent use with astronomers, seems to 
render it unadvisable to e£BGice altogether from maps of the stars, 
the figures designating the constellations, as is sometimes done. 
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Alihoiigli the proper names of the principal stars of Ursa 
major are not now in general use, they ought not on that aooonnt 
to be altogether overlooked or negleeted, since they are often the- 
means of identifying these objects with tiliose indicated in ancient 
historical records. 

Close to the star Mizar, in the tail of the Qteat Bear, is a small 
star called Alc(n'^ which Humboldt says the Arabs called '' saidak,"' 
which signifies trial or test, since ittej used it as a test of the- 
sharpness of the sight of the observer. 

18. If a straight line be imagined to be drawn from the star ^ 
to a, and continued beyond a to a distance equal to five times the 
distance between a and iS, or, what is nearly the same, to the 
whole distance between a and i|, it will arrive at the principal 
star of a smaller constellation called Urta minor or the lesser 
Bear, This is the star already mentioned as being within a 
degree and a half of the pole, and which, being generdly adopted 
as the easiest practical means of marking that important point, is. 
called the Foh star, l?he other stars of the constellation of Ursa 
minor have nearly the same configuration as those of Ursa major ; 
but the position of the figure is reversed, the taO, at the tip of 
which the pole star is placed, corresponding with the head of Ursa 
major. 

The important service thus performed by the stars a and $ Urssa- 
majoris, in indicating by their direction the position of the pole 
star, has given them the name of the Pointers ; they are also 
sometimes called the Guards, 

This method of ascertaining the position of the principal star 
and the constellation generally of Ursa minor, by means of the 
more conspicuous and better Imown constellation of Ursa major,, 
has been generalised with the greatest benefit to astronomical 
students and amateurs by extending the method of pointers, so- 
fts to trace one constellation from another throughout the entire 
firmament, as will presently appear. 

19. The constellation of Ursa minor being so placed that tho 
principal star, at the tip of the bear's tail, is dose to the pole^ 
the diurnal motion of the sphere causes the figure of the bear to 
swing round the pole feet foremost, as if its tail wero nailed to- 
that point. The four successive positions of the constellation at 
intervals of six hours, are shown in fig. 3, p. 161. 

The star i9 of this constellation, situate on the head of the bear,, 
and thereforo more distant from the pole, is easily seen to revolve^ 
round the pole as a centra, so that this constellation was regarded 
as a great celestial clock, and before the advancement of science 
furnished mariners with other and better means, it was of greart 
use in navigation. 
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The confitellatioii of the Ghreat Bear heing in the quarter of the 
lieayens opposite to that in which the sun is found itf the hegin- 
ning of September, it will be seen on the meridian not feur south 
of the zenith at that season in these latitudes, at midnight. 

It will, on the contrary, be on the meridian a little aboye the 
horizon at midnight, in the begmning of March. The most 
favourable times, thei^fore, for observations upon it, are the months 
of summer and autumn. 

20. A circle described round the north celestial pole, including 
within it a certain extent of the heavens is called the Arctic circle^ 
from the Greek word "Apicros, « arktos," signifying a hear^ that 
being, as it were, the region of the bears. 

21. To extend the method of pointers to the discovery of the 
position of other constellations, let us suppose a line carried from 
the star 8 of Ursa major to the pole star, and continued beyond 
the pole star to an equal distance ; this line will then arrive at a 
well-known constellation called CassiopMs chair. This constel- 
lation consists of several stars, six of which being the most con- 
spicuous are shown in fig. 4. Four of these a, ff, k, and y, formed 
the legs and seat, and the two others B and € ^e back. 

Fig. 4. 
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If the line 'drawn from o of Ursa major through the pole star 
be continued beyond the latter nearly in a direct line, it will 
arrive at a constellation called Pegasus, which will be easily 
recognised by four brilliant stars forming a quadrangle very 
similar to that already described in the constellation of Ursa 
major. This quadrangle with its position relatively to the pole 
«tar, and the line proceeding through that star &om the pointers 
is shown in fig. 5. 

22. Of these four stars, three only properly belong to the con- 
stellation called Pegasus ; these three being ^, a, and 7, forming 
"the upper right hand comer of the quadrangle. The fourth star, 
marked also a, belongs to an adjacent constellation called Andro- 
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meda, three of the principal stars of which, marked a, 0f and y,. 
are shown in the %are. By continning tjie line of these -stars 

Fig. 6. 




slightly curved, we arrive at another oonspiouotis star about as 
far horn -y aa 7 itself is from $^ This last is the principal star & 
of the constellation called Peraetia, 

23, The seven bright stars, here deserihed, throe of which 
helong to the constellation Pegasus ; thrco others to Andromeda, 

' and the fourth to Perseus, have a configuration atriJcingly similar 
to that of the Beven principal stars of Ursa jaajor, as tvHl he 
easily perceived by fig. 4» 

A second bright star, belonging also to the constellation of 
Perseus, fiimiliarly known in stellar astronomy by the name of 
Afffol, h also shown in the %ui:e ; it makes a right angle with 
the other star a of Perseus^ and the star 7 of Andi'omeda. 

24, If a line be drawn from the star 7 of Pegasus, through the 
etar y of Andromeda, and continued to an equal dist4ince beyond 
the latter^ it will arrive at a splendid star of the first magnitude 
called OapeUof being the principal «tar of the oonatellatioii called 
^f*njpfa. This star, and its relative position to the others, is also 
shown in the figurts 

25* A general view of the stars included within the region of 
the firmament which we have now traced is exhibited in fig, 6, 
60 as to enable the student to perceive at a siogle view all the 
i^tars which have been jnat indicated* Six of the principal stars 
of Ursa major appear at the upper right hand angle of the figure, 
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and lines are drawn in yarions directions connecting tiie principal 
stars, to show the stodent the manner of tracing the position of 
those which he seeks, from those which he already knows. It is 




assumed that he is already so familiar with the principal stars of 
Ursa major and the pole star, that he can at once distinguish 
them. Besides the connecting lines already mentioned, he will 
see that the position of Algol can be ascertained by a straight line 
drawn from the star 17 of Ursa major, and continued to nearly an 
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«qtial distance beyond the pole star. The star Capella can also be 
found by following the direction of a line thrqfagh 7 and a of Ursa 
major, as shown in the figure. If a line be imagined to be drawn 
through 7 and 8 of Ursa major, and continued onwards to a dis- 
tance from 8 equal to the distance between the pole star and 
Pegasus, it will arrive at the principal star of the constellation 
Zyra, called Vega ; and, if a line be drawn from this star at right 
angles to the former, it will arrive at the principal star of the 
constellation of CygnutSy generally Imown as a Cygni, but also 
called Adrided, 

If a line be drawn through the stars a of Andromeda and of 
Pegasus, and be continued through the latter to a distance equal 
to about four times the distance between these stars, it will arrive 
at another conspicuous star of the first magnitude, shown in the 
figure, called AUair, being the principal star of the constellation 
AquUa or the Eagle. 

26. The most magnificent constellation of the firmament, sur- 
passing not only in splendour, bui; in the almost countless number 
of its component stars, profusely sprinkled also with nebulee, 
as will hereafter appear, ' is 
Orion, the principal stars of 
which are shown in fig. 7, and 
will be immediately recognised 
by every eye familiar with the 
appearance of the firmament. 
This splendid stellar combi- 
nation, lying across that part 
of the ecliptic over which the 
sun passes in December, will 
always be visible about mid- 
night on the southern meri- 
dian in the month of June, 
and may indeed be viewed 
with great advantage and* 
facility during the summer 
and the latter part of spring. 
The principal stars, when con- 
nected by imaginary Hnes, 
form a figure resembling that 
of an hour-glass. The figure 
from which the constellation 
takes its name is a mytholo- 
gical personage, celebrated as 
a giant and a hunter, who after his death was, according to 
Homer, elevated to the stars (Iliad, lib. xviii. 486 ; xxii. 29 ; Od. 
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Y. 274,) where he is represented as a giant, liith a giidle or Belt, 
a sword, a doak of l^ji skin, and a cliib» 

The stars marked « and y in the figure, are in the shoulders, 
and those marked k and fi, in l£e feet. The three central stars, 
8e£formthe.belt. 

ManHins, quoted by Admirq^l J9m3rth, says of this constellation : — 

** Oriofi^B. beams ! Orion's beams ! 
His Btar-gemmed belt and shinisig blade, 
His isles of light, bis silvery stxeams, 
And gloomy gulfs of mystic shade." 

No constellation, continnes Admiral Smy^, was more noted 
among the ancients than this. As it occupies an extensive space 
in the heavens, this circumstance may have probably given Pindar 
his notion that Orion was of a monstrous size, and hence the 
"jugula" of Plautus, the ^^ Magni pars maonma cosUJ' of 
Manilius, and the ''jobber" of the Arabians. When the rage 
for innovation was more prevalent than at present, it was proposed 
to invest this constellation with the figure and to confer upon it 
the name of * Nelson ; and in 1807, wlien Napoleon was in the 
meridian of his power, the University of Leipzic passed a reso- 
lution that the stars of the belt and sword, should be erected into 
an independent constellation to be caOed Napoleon. 
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CHAPTEE II. 

27. Antiquityof the name of Orion. — ^28. Nebnlse in the constellation Orion. 
— 29. General view of this region of the heayens. — 30. Procyon and 
Sinus,— 31. Aldeharan : the Hyades and the Pleiades.— 32. The 
constellations of the zodiac. — 33. Use of celestial maps.— 34. Use 
of a celestial globe. — 35. To find the place of an object in the heayens. 

27. The name of Orion is of high antiquity, occurring in the 
books of Job, Amos, Ezekiel, and Isaiah. Some commentators 
contend, howeyer, that the personage figured in the constellation 
is no other than Nimrod. It was believed that when this con- 
stellation was in such a position as to precede the sim in rising, 
storms and rain ensued, and Orion is hence characterised by such 
epithets as "Imbrifer," (the bringer of rain;) "Nimbosus," (the 
cloudy ;) and " Aquosus," (the watery). The Latin poets overflow 
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with inyectiyes against the pluviosus et tristis Orion; with 
Horace, he is the ''nautis infestns;" with Propertius, the 
" aquosns ; " and with Pliny, the " horridns sideribus." 

Two of the four principsd. stars, thpse marked a and ^ in the 
figure, are of the first magnitude, the former beings generally 
called by the proper name, B$telgeux^ and the latter, Bigel, 

The three stars forming the belt are of the second magnitude, 
and have been popularly known by different names, such as 
"Jacob's staff," the "yard wand," and the " three kings." 

28. The star marked 9 in the figure, situate midway between 
thef three stars of the belt and the two stars of the feet, proves to 
be a very remarkable object when submitted to examination with 
adequate telescopic power. . It is not one, but five stars, combined 
in close juxta-position ; and is moreover surrounded by one of tiie 
most remarkable nebulae in the firmament. These are points, 
however, which do not iSoll within the limits of this Tract, but to 
which "we will return on another occasion. 

29. To present to the student a collective view of the conspi- 
cuous stars and constellations which have been above described, 
we have given, in ^, 8, a view of a portion of the firmament 
within which they are included. If the stjident imagine himself 
directiag his view to the heavens, with his fiEu^e to the north, on 
any night about the middle of June, at or near the hour of mid- 
night, he will see above him the stars iind constellations indicated 
in the upper half of the figure ; and, if he turn with his face to 
the soutii, he will see those included in the lower half. Imme- 
diately above his head, and close to the zenith, he wiU see the 
splendid star Capella ; if he carry his eye from the pole star 
through Capella, towards the south, he will recognise at once the 
constellation of Orion, which we have just described. The centre 
star of the belt will be due south. The bright star Betelgeux will 
be to the right, and Bigel to the left of the meridian ; that is, the 
former will be west and the latter east of the meridian. If he carry 
his eye in a direct line from the stars c and S of Ursa major, he 
will arrive at the bright star Pollux in the constellation Gemini, 
and beside it wiU see the still brighter star Castor, of the same 
constellation, the latter being of the first, and the former of the 
second, magnitude. 

30. If the same line, directed from the stars of Ursa major 
through Pollux, be continued nearly in the same direction, it will 
arrive at Procyon, a star of the first magnitude in the constellation 
of Canis minor. 

If an equilateral triangle be imagined to be formed upon the 
south side of the line joining Procybn with Betelgeux, its vertex 
will Ml upon Sirius, a star of the first magnitude and the 
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of thb reoiom iround the star capella, ikolttdnro th« 
cokstellation of oriok. 
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briglitest in the firmament, being the principal star of the oon- 
stellation of Cania major, and thence often called the Dog Star, 
Indeed, this star, from its extraordinary splendour, will be recog- 
nised at once by the eye, without the necessity of tracing its 
position by pointers. 

31. If a line be imagined to be drawn from Sirius to the star y, 
called Bellatrix, in the shoulder of Orion, and continued beyond 
that point to about half the distance between these stars, it will 
arrive at a conspicuous star of the first magnitude, called Aide- 
haran, in the constellation of Taurus. This star is placed in the 
southern eye of the bull, and the three stars of Orion's belt may 
be considered also as pointers to it. 

The constellation of Taurus, of which Aldebaran is the principal 
star, is remarkable for two splendid dusters visible to the naked 
eye, and which, being known to the ancients, were called the 
Hyades and the Pleiades ; the former group is in immediate juxta- 
position with the eye of the bull, and the latter is in its neck. 
The mythological origin of these constellations is, as commonly 
given, as follows : — ^The Hyades were the daughters of Atlas and 
Pleione, whose brother Hyas being torn to pieces by a bull, they 
were overwhelmed with grief, and are said to have wept so 
incessantly, that the gods in compassion took them into heaven 
and placed them near the bull's eye, where they still continue to 
weep ; and, accordingly, it was a popular superstition that when 
they rise immediately before the sun, wet weather ensues. Indeed, 
the name Hyades is derived immediately from a Greek word 
'TdSts, (Hyades), which signifies the " rainers.'' 

The Pleiades, also daughters of Atlas and Pleione, and therefore 
sisters of the Hyades, were seven in number ; six being visible 
and' the seventh invisible. The seventh was called Sterope, and it 
was related that she became invisible because, while her sisters 
had all consorted themselves with gods, she alone yielded to 
Sisyphus, a mortal. According to other traditions, the seventh 
Pleiad was called Electra, and her disappearance was explained 
by her grief at the destruction of the house of Dardanus. The 
Pleiades are said to have destroyed themselves from grief at the 
death of their sisters the Hyades. They were afterwards placed 
among the stars, where they formed a cluster resembling a bunch 
of grapes, whence they were sometimes called B^fws (Botrus). 
The rising of these stars before the sun, like that of the Hyades, 
was considered to forebode rain. 

If the line of the pointers drawn to the pole star be a little 
deflected to the left and continued onwards, it will arrive at a re- 
markable star of the first magnitude, shown in the figure, called a 
Cygnt, being the principal star in the constellation of Cygnus, 
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This star is sometixnes called Adrided; it was called by the 
Arabians Deneh, 

32. Kyery one is familiar with the fact that, in the course of a 
year, the sun appears to move round a great circle of the heavens 
called the Ecliptic, &nd in so doing passes through a series of 
constellations which lie in that route. The stars composing these 
are generally included within a zone extending to 10** or 12° on 
each side of the ecliptic. This zone is called the Zodiac, from the 
Greek word iMtov (Zodion), which signifies a small* painted or 
carved figure of an animal, the zodiac being filled with a series of 
constellations, to which the names and forms of animals were 
given. The twelve well-known zodiacal constellations are : — 





Sign. 


Sign. 


1. Aries (the ram) . 


. nn 


7. Libra (the bahince) . €^ 


2. Taurus (the buU) . 


. 8 


8. Scorpio (the scorpion) . v\ 


3. Gemini (the twins) 


. n 


9. Sagittarius (the archer) $ 


4. Cancer (the crab) . 


. s 


10. Capricomua (the goat) yf 


6. Leo (the Hon) . 


. T? 


11. Aquarius (the waterman) SS 


6. Virgo (the Tirgin) . 


. flR 


12. Pisces (the fishes) . H 



' The signs here annexed to the names are abridged means of 
expressing not the constellations, but the successive divisions of 
the ecliptic to which the constellation corresponded at the time 
they received their names. It must here be explained, that by a 
peculiar change which has taken place in the annual path of the 
sun through the heavens, that luminary does not now follow 
precisely the same course which it followed in remote ages. The 
position of the sun on the day of the equinox is subject to a small 
change from year to year, which, though insignificant in short in- 
tervds of time, becomes very considerable when it accumulates for 
ages. Thus, when the constellations of the zodiac received their 
names, the sun entered the constellation Aries on the day of the 
spring equinox ; but, owing to the cause just explained, the 
moment at which it entered that constellation became from year 
to year later and later, until, after the lapse of many centuries, it 
did not enter Aries till a month after the day of the equinox. 
During the first month after the equinox the sun is therefore at 
present in the constellation of Pisces, and not in that of Aries. 

As there were twelve zodiacal constellations, the ecliptic in 
which the sun revolves was divided into twelve equal arcs of 30** 
each, which were called sigiM, the first 30*" commencing from 
its position on the day of the equinox, was called the sign 
Aries, the second Taurus, and so on. And although, owing to the 
change of position of the ecliptic already indicated, the positions 
of the constellations from which these signs have taken their 
names have changed so that, in fact, the constellation Pisces is 
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found in the first sign, and Axies in the second, and so on ; the 
signs have, nevertheless, retained their names. 

It is therefore important that the astronomical amateur should 
not confound the name of the sign with the name of the constella- 
tion. The sign Aries is the first 30° of the ecliptic, while the con-- 
stellation Aries is a group of stars, at present situate between the 
30th degree and 60th degree of the ecliptic. 

The ancients recognised, besides the twelye zodiacal constel- 
lations, twenty-one constellations in the northern, and fifteen in 
the southern hemisphere. The progress of stellar discovery has, 
however, augmented considerably these somewhat arbitrary groups 
of stars, and the number of constellations now recognised amounts 
to 117, of which 62 are in the northern hemisphere. 

33. From all that has been explained above, the student will be 
able to appreciate the benefit to be derived from having in his pos- 
session a collection of celestial maps. Many such have been pub- 
lished, among which may be mentioned more particularly tiiose 
prepared under the superintendence of the Society for the Dif- 
fusion of Useful Knowledge. I have found, however, one of 
the most convenient for general purposes, ''The Guide to the 
Stars." * In the maps there given, will be found indications of 
the most useful applications of the method of pointing. 

34. A celestial globe may be defined to be a working model of 
the heavens. It is mounted like a common terrestrial globe. 
The visible hemisphere is bounded by the horizontal circle in which 
the globe rests. The brass circle at right angles to this, is the 
celestial meridian. The constellations, with outlines of tide ima- 
ginary figures from which they take their names, are delineated 
upon it. 

The globe will serve, not merely as an instrument of instruc- 
tion, but will prove a ready and convenient aid to the amateur 
in astronomy, superseding the necessity of many calculations 
which are often discouraging and repulsive, however simple and 
easy they may be to those who aie accustomed to such inquiries. 
Most of the sJmanaos contain tables of the principal astronomical 
phenomena, of the places, of the sun and moon, and of the prin- 
cipal planets as well as the times when the most conspicuous stars 
are on the meridian after sunset. These data, together with a 
judicious use of the globe and a tolerable telescope, wiU enable 
any person to extend his acquaintance with astronomy, and even 
to become a useful contributor to the common stock of information 
which is now so fast increasing by the zeal and ability of private 
observers in so many quarters of the globe. 

♦ Twelve Planispheres, forming a Guide to the Stars for every Night ia 
He Year, with an Introduction. — Taylor and WcUton, London. 
166 



USE OF THE CELESTIAL GLOBES. 

To prepare the globe for use, let small marks (bits of paper 
gummed on wiU answer the purpose) be placed upon it, to indi* 
cate the positions of the snn, moon, and planets, at the time of 
observing the heavens. The place of the son on the ecliptio is 
usually marked on the globe itself. If not, its right ascension 
(that is, its distance from the yemal equinozial point, measured 
on the celestial equator), and its declination (that is, its distance 
north or south of the equator), are given in the almanac, for 
every day. The moon's right ascension and declination are likewise 
given. 

35. To find the place of an object on the globe when its right 
ascension and declination are known. — Find the point on the 
equator where the given right ascension is marked. Turn the 
globe on its axis till this point be brought under the meridian. 
Then count off an arc of the meridian (north or south of the 
equator, according as the declination is given) of a length equal 
to the given declination, and the point of the globe immediately 
under the point of the meridian thus foxmd, will be the place of 
the object. By this rule, the position on the globe of any object 
of which the right ascension and declination are known, may be 
immediately found, and a corresponding mark put upon it. 

To adjust the globe so as to use it as a guide to tiie position of 
objects on the heavens, and as a means of identifying the stars and 
learning their names, let the lower clamping-screw of the meridian 
be loosened^ and let the north pole of the globe be elevated by 
moving the brass meridian until the arc of this meridian between 
the pole and the horizon be equal to the latitude of the place of 
observation. Let the clamping-screw be then tightened, so as to 
maintain the meridian in this position. Let the globe be then so 
placed that the brass meridian shall be [.directed due north and 
south, the pole being turned to the north. This being done, the 
globe will correspond with the heavens so far as relates to the poles, 
the meridian, and the points of the horizon. 

To ascertain the aspect of the firmament at any hour of the 
night, it is now only necessary to turn the globe upon its axis 
until the mark indicating the place of the sun shall be under the 
horizon in the same position as the sun itself actually is at the 
hour in question. To effect this, let the globe be turned until the 
mark indicating the position of the sun is brought under the meri- 
dian. Observe the hour marked on the point of the equator which 
is then under the meridian. Add to this hour the hour at which 
the observation is about to be taken, and turn the globe until the 
point of the equator on which is marked the hour resulting from this 
addition is brought under the meridian. The position of the globe 
will then correspond with that of the- firmament. Every object on 
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the one will correspond in its position with its representative mark 
or symbol on the other. If we imagine a line drawn from the 
centre of the globe through the mark upon its surface indicating 
any star, such a line, if continued outside the surface toward the 
heavens, would be directed to. the star itself. 

For example, suppose that when the mark of the sun is brought 
under the meridian, the hour 5h. 40m. is found to be on the 
equator at the meridian, and it is required to find the aspect of the 
heavens at half-past ten o'clock in the evening. 





H. 


X. 


To 


... 5 


40 


Add ... 


... lO 


30 



16 



Let the globe be turned until 16h. 10m. is brought under the 
meridian, and the aspect given by it will be that of the heavens* 
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VIEW OF GBBEITWICH OBSERYATORT, SHOWnTG THE SIGNAL-BALL AT THV 
TOP OF THE DOME. 



LATITUDES AND LONGITUDES. 



1. Necessary to know our position on the earth. — 2. Poles and equator. — 
3. Parallel of latitude. — i. Meridian of Greenwich. — 5. Latitude 
and longitude. — 6. Methods of determining the latitude. — 7. By the 
sun. — 8. By stars. — 9. Hadley's sextant. — 10. Latitude at sea. — 
11. To find the longitude. — 12. Lunar method. — 13. Ball signal at 
Grreenwich. 

1. Before it is possible to acquire a distinct knowledge of the 
position or distances of any bodies in the universe outside the 
surface of the earth, it is first indispensable that we, who have 
to make these calculations, should distinctly ascertain our own 
position in reference to the bodies we observe. But as our posi- 
tion is subject to continual change, as well by reason of the 
diunial rotation of the eart£ upon its axis, on the surface of 
which we are carried round, as by the annual motion of the globe 
in its orbit round the sun, we are obliged as a necessary prelimi- 
nary to analyse with accuracy all the circumstances of these 
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motions. But even before we are in a condition to accomplish 
this, there ia another preliminary step not less indispensable, 
which is to ascertain our own position on the surface of the globe 
we inhabit. 

This is not so easy a matter as at the first view it might 
seem to be. The earth we dwell on is a globe which com- 
pared with any familiar standards of measure has a stupendous- 
magnitude. The range of our vision around any situation which 
we may occupy upon the surface of this globe is small. In the 
most unobstructed situation we can obtain — that which is pre- 
sented us at sea, when out of sight of land, on the clearest day 
—our observation is circumscribed by a radius of a few miles. 
Tlie portion of the surface which we see at one and the same 
time, forms in reality so small a patch of the globe of the earth, 
tliat it is only by indirect reasoning that we can recognise upon 
it any character save that of a flat plane. How, then, are we ta 
know in what part of the terrestrial globe that small patch of 
surface is situated 1 

2. To answer this question, it is evidently necessary first to< 
settle some fixed points or lines to which we may refer various 
places, and by which we may express their positions. The points 
which have been usually selected for this purpose are the polbs 
and the equator. The poles are those points on the surface of 
the earth where the axis on which it performs its diurnal rota- 
tion terminates, and they are distinguished, as is well known, by 
the names of the north and south poles. 

If we imagine a circle drawn round the globe in such a manner 
as to divide it into two hemispheres, having in the midst of one 
the north pole, and in the midst of the other the south pole, 
such a circle is called the equator, from equally dividing the 
globe. Every point in this circle will be at the same distance 
from the poles, and if we imagine the globe to be cut by a plane 
through the poles, that plane will be at right angles to this 
circle, and the section it forms will be what is called a terres- 
trial MERIDIAN. The arc of this meridian between either pole 
and the equator will be one quarter of its entire circumference^ 
and will therefore be 90*. The equator is, therefore, everywhere 
90° from each of the poles. 

In fig. 1, N is the north and s the soitth pole, and eq is th& 
equator. 

The hemispheres into which the equator divides the earth are 
called the northern and southern hemispheres. That which 
includes the north pole, being the northern, and that which 
includes the south pole, the southern. 

The position of a place in either hemisphere with reference to 
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the equator is expressed by stating the number of degrees of a 
terrestrial meridian included between the place and the equator. 
This is called the latttudb of the place ; which is the distance 
of the place from the equator expressed in degrees of the meri- 
dian. Thus^ if a place be midway between the pole and the 
equator, its latitude is 45^ If it be distant from the equator by 
two-thirds of the entire distance from the equator to the pole, 1^ 
latitude will be 60°, and so on. 




3. The latitude is said to be northern and southern, according 
as the place is in the northern or southern hemisphere. 

But it is evident that the latitude alone will be insufficient for 
the determination of the position of a place. If we state that A 
certain place is 46° north oi the equator, it will be impossible to 
ascertain certainly the place in question, inasmuch as there is a 
circle of x>oints on the earth, all of which are 45° north of the 
equator. If we suppose a circle drawn round the surface of the 
northern hemisphere parallel to the equator, at the distance from 
the equator of 45°, every point of such circle will be equally 
characterised by the latitude of 45° north. 

Such a circle is called a parallel of LATiruDE, and it i$ 
therefore apparent that wherever such a parallel may be drawsi 
upon the earth, all the places upon it will have the same latitude. 

In the figure b xr q is the northern and b s Q the southeni 
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Lemisphcre. The circles l l^ are northern and I I, southern 
parallels of latltade. All places situate upk>n auj one of these 
circles have the same latitude. The distances of k and s from 
s Q, beiDg 90° that is the latitude of the poles. The circles 
K m 6 and n n s, drawn upon the earth from pole to pole intersect 
the equator £ Q, and all the parallels Lh, II, at right angles. 
These are tkrbestrial meridians. 

The latitude is, then, insufficient to determine the position of 
any place. How, then, it may be asked, can the exact position 
of any pUce be expressed 1 

4. Let us suppose that a meridian is arbitrarily selected, passing 
through some particular place, such as the Greenwich Observa- 
tory. We may ccinceive another meridian drawn upon the earth 
east or west of that, so that the two meridians shall include 
between them an arc of the equator, consisting of a definite 
number of degrees ; say, for example, that it shall consist of 20^ ; 
then such a meridian will be defined by stating that it is 20** east 
or west of the meridian of Greenwich. All that can be settled 
by such a statement is the position of the meridian in which the 
place lies with reference to the arbitrarily chosen meridian of 
Greenwich. This relative position of the two meridians is called 
the LONGITUDE OF THE PLACE. As the meridian from which the 
longitude is measured is altogether arbitrary, there being no 
physical or geographical reason why one meridian should be 
chosen rather than another, each nation has naturally selected 
as the zero of longitude the meridian of some noted place in its 
precincts. In England the Boyal Observatory at Greenwich has 
been the place selected, and accordingly in all English works 
on geography, political and physical, longitudes are invariably 
expressed in reference to the meridian of Greenwich. It will, 
therefore, be most convenient for us here to refbr to that 
raeridian. 

When these explanations are clearly understood, we shall be 
in a condition, distinctly and definitely, to express the position of 
a place upon the surface of the globe of the earth. If we state 
its latitude and its longitude, we can fix at once, and unequivo- 
cally, the position of a place. Thus, let us suppose that its 
latitude is 60"* north, its longitude 30*" east of Greenwich ; its 
position will be found by imagining ^ circle parallel to the 
equator drawn upon the northern hemisphei*o at a distance of 
50° from the equator; then, supposing a meridian dra^n 
through Greenwich, intersecting this parallel, and another 
drawn so as to cross the equator at a point 30° east of the 
former ; the place in question will be upon the line parallel to 
the equator first drawn^ inasmuch as it will be 60° north of the 
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equator, and it will be also in the meridian last drawn, inasmuch 
as it will be 30° east of Greenwich. Since, then, it will be at 
the same time on both these lines, it will necessarily be at the 
point where they cross each other at the east of the standard 
meridian of Greenwich, 

5. Thus, then, we have succeeded at least in establishing stand* 
ards of position and a nomenclature bj which the exact position 
of a place on the surface of the globe can be expressed. Bnt wo 
have still another much more important and difficult question to 
settle. How are we to discover in what part of the globe any 
place is which we may occupy at a given time ; in other words, 
how are we to discover its latitude and its longitude ? These 
are questions, especially the latter, attended with some difficulty, 
and which have been solved by different methods, applicable in 
different cases, according to the circumstances under which the 
position of the place is sought, and the purpose for which such 
position is to be determined. 

' At any place on land where the geographical position is once 
determined, it may be recorded, so as to be permanently known 
for the future without a repetition of the process for determining 
it ; but it is otherwise at sea. On the trackless surface of the 
deep all marks of events and operations are immediately oblite- 
rated, and a new investigation must be instituted in every case 
when the position of any point is to be determined. The mariner 
must, therefore, be supplied not only with the means of deter- 
mining the position of his ship at all times, but with means the 
application of which is practicable under the peculiar circum- 
stances in which he is placed. The instruments he uses must 
not only be portable, but must be such as may admit of being 
manipulated, subject to the disturbances and the vicissitudes of the 
sea. The objects of his observations must be such as are almost 
always in his view. It is evident, then, that the problem, as 
applicable on land, is wholly different in its circumstances and 
conditions from that which is applied on the deep. But even on 
land the problem presents itself under various circumstances and 
conditions. In the fixed observatory, where the observer is 
supplied with instruments of the greatest magnitude, of the most 
refined accuracy, and the most absolute stability, methods have 
been used which are susceptible of the last conceivable degree 
of accuracy, and accordingly the position of those points on the 
globe where such observatories Vave been erected are usually 
determined with the greatest degree of precision. Such points 
on the globe serve, therefore, as a sort of landmarks, relative 
to which the position of all surrounding places may be deter- 
mined. 
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llie circumstances under which the scientific traveller and 
geographer makes his observations, with a view to the general 
determination of the points of a country, are less favourable to 
accuracy than those available to the astronomer, but still are 
more susceptible of precision than those which can be placed at 
the disposal of the mariner. It is, however, the business and the 
duty of those who devote their lives to the advancement of the 
sciences, to supply to each class of observers those instruments 
and methods of inquiry which are capable, r^pectively of giving 
results which, in the circumstances of the case, have the greatest 
attainable accuracy. 



TO FIND THB LATITUDE. 

6. Let us suppose the globe of the earth to be represented at O, 
and let N be its north pole, and E its equator ; let P be a place 
upon it, whose latitude, that is, whose distance from the equator 
is to be determined. Let n Z e represent the firmament sur- 
rounding the globe at an indefinite distance. The point n, 
immediately over the north pole, and which is in fact the con- 
tinuation of th^ line O N, will be the place of the north pole in 
the heavens, very near to which is a star, called the Polar star. 
The point «, in the continuation of the line O E, will be that 
which is directly over the equator, and will be that pomt in the 
heavens representing the position of the equator ; and the point Z, 
in the continuation of the line O P, the i>oint of the heavens 
which is directly over the observer at the place P, will be that 
which is called his zenith. This point is that to which a plumb 
line would direct itself. 

Now the points n, Z, and e are the points in the firmament 
which correspond with the points K, P, and E, upon the earth, 
and it is evident that whatever arcs of the terrestrial meridian 
N P E are included between these points, similar arcs of the 
celestial meridian must be included between the points nZe, If, 
then, P E were 40% Z e must also be 40% just as n « is 90°, while 
N E is also 90^ 

In short, the zenith of any place in the heavens is the point in 
the firmament which corresponds with the position of the place 
on the globe, and the distance of the zenith in the heavens of one 
place from the zenith of another, must necessarily be the same in 
degrees as the distance between two places on earth. Thus Z is 
the zenith of P ; « is the zenith of E ; Z is the same number of 
degrees from « as P is from E, This being clearly understood, it 
is evident that if we can, by any means ascertain by observationsL 
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^Iie distance from Z to n, we can infer at once the distance from 
P to E, and hence can discover the latitude of the place. 

It is apparent, then, if we can observe the distance of the 
2enith of any place from the celestial pole, that will give us the 
distance in degrees of the place itself from the terrestrial pole, 
and by subtracting that from 90*", we shall obtain the distance of 
the place itself from the equator, or what is the same, its lati- 
tude. As an example of this, let us suppose that in measuring 




the distance from Z to w we find it to be 50°, we infer, therefore, 
that since the distance of the zenith from the pole is 50^, the dis- 
tance of the place from the terrestrial pole is also 50"*. 

But since the terrestrial pole is 90^ from the equator, it 
follows that the distance of the place from the equator must be 
4(f, and it is north or south, according as the zenith of the place 
is in the northern or southern hemsiphere of the firmament. 

Thus, then, it appears that the latitude of a place can always 
be found, provided we can measure the distance of its zenith 
from the celestial pole ; and this, of course, can always be done 
by the use of proper instruments, provided that the zenith and 
the pole can be distinctly seen. Now the direction of the zenith 
can always be determined by the plumb line ; but although the 
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pole sUr is very near the pole, it is not exactly at it ; there ia^ 
iu iacty no star exactly at the pole, and there being no visible 
object there, it is impossible to measure directly its distance 
from the zenith. This difficulty is eluded by measuring the 
distance of the zenith from some star, or other celestial object, 
whose distance from the pole happens to be known : for example, 
suppose that there were a star directly between the zenith and 
pole, whose distance from the pole was known to be 10°» Then 
if we find the distance of the zenith from this star to be 40% 
we should immediately infer the distance of the zenith from the 
pole to be 50'. 

It is in fact, then, by this device that the latitude is always 
ascertained* By various observations made by astronomers, the 
positions of most of the stars and other celestial objects, with 
respect to the poles, are known and recorded ; and when we 
desire to determine the latitude of any place, we measure the 
distance of the zenith of that place from some celestial object 
whose position with res{>ect to the pole is known, and thence 
infer the position of the place with respect to the terrestrial pole ; 
and from that deduce at once the latitude. 

7. But our purpose would be equally served if we were supplied 
with the position of any visible object with reference to the 
celestial equator. Thus, if we know the distance of the centre ot 
the sun from the celestial equator, we shall readily be able to 
find the latitude ; for it would only be necessary when the sun is in 
or very near the meridian, that is, at or near noon, to measure 
the distance of the zenith of the place from the centre of the 
sun. This would be done by measuring the distance of the 
zenith, first from the upper, and then from the lower limb of the 
sun. The distance firom the centre would be the mean between 
these. 

Let us suppose, for example, that the sun being between the 
zenith and the equator, we find that the distance from the zenith 
to the centre of the sun is 20°, and that we also ascertain from 
the table of the position of the sun, that the distance of the centre 
of the sun at that time from the equator, is also 20% we should 
infer at once that the distance of the zenith from the equator 
must be 40% and that such, therefore, must be the latitude of the 
place. 

This method of ascertaining the latitude is, perhaps, the most 
easily practicable. The observations may be performed daily, at 
noon, when the sun is visible : and in all almanacs, the distance 
of the centre of the sun from the equator, which is called the 
sun's declination, is registered. The insti-ument by which the 
observations are executed on land is, usually, a quadrant fur- 
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nisbed with a telescope moying upon its centre. Ona radius of 
the quadrant is placed in the direction of the plumb line, and 
therefore points to the zenith. The telescope moyes round the 
centre until it is directed to the object whose distance from the 
;senith is to be obseryed. The angle between the telescope and 
the yertical radius of the quadrant will then be the same as the 
distance of the object from the zenith. 

8. In astronomical obseryatories methods of obseryation haye 
been applied susceptible of much greater accuracy. Stars upon 
the meridian can there be used with great adyantage. The 
distances of these stars from the pole are accurately known, and 
the astronomer selects for his obseryation those conspicuous 
stars which pass near to his zenith. He obseryes the arc of the 
celestial meridian between his zenith and these stars. And 
from the magnitude of the arc and the distance of the star of the 
celestial pole, he discoyers the distance of the zenith from the 
pole and thence the latitude. 

The principal source of accuracy in this method is, that the 
distance between the zenith and the star being yery small, is 
capable of more exact measurement, for reasons connected with 
the structure of the astronomical instrument, than could be 
attained in the measurement ol greater angles. 

9. In obseryations made at sea, it is not practicable, howeyer, to 
use the plumb line, and indeed, eyen for the purposes of geogra- 
phers it is not always conyenient. An admirable instrument 
has been inyented equally applicable to observations by land or 
by water, called Hadley's sextant, by means of which the obser* 
yations can be made with reference to the horizon, independent 
of the zenith, and therefore independent of the plumb line. 

It is not our purpose here to enter into a. description of the 
principles and structure of this celebrated and most useful 
instrument. It will be sufficient for the present purpose to state 
that it is capable of being applied to the measurement of the 
angular distances between any two yisible objects with a yery 
great degree of precision, and that it may be used with faciUty, 
eyen when the position of the observer is subject to all the 
imsteadiness incidental to the condition of the mariner. 

When this instrument is used, instead of observing the dis- 
tance of any object from the zenith, we observe its distance from 
the horizon, which will answer the same purpose, inasmuch as that 
wheneyer the distance of an object from the horizon is known, 
its distance from the zenith can be found, since the distance from 
the zenith to the horizon being 90^, if we subtract the distance of 
the object from that, the remainder will be the distance of the 
object from the zenith, 
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At sea we have geuerallj, indeed almost always, a wett-defined 
horizon. If the mariner desires to measure the altitude of an 
object) he has only to measure the distance of the object from the 
horizon in a direction perpendicular to it, and this he is enabled 
to do with a little practice, with admirable facility and precision^ 
with Hadley*8 sextant. 

10. Let us see, then, how the manner is thus enabled daily to 
determine the latitude of his ship. 

As noon approaches, the sky being sufficiently clear to render 
the disc of the sun visible, he applies the instrument and finds 
the altitude of the lower limb which he continues to observe 
until it ceases to increase. He then adds to it the apparent semi- 
diameter of the Sim which is given by the tables, and thus 
obtains the altitude of the sun*s centre. If this altitude be taken 
from 90% the remainder will be the distance of the sun*s centre 
from the zenith. He finds in his almanac the distance of the 
centre of the sun on that day from the equator, and hence he at 
once, as abeady explained, obtains the distance of his zenith 
from the equator ; that is the latitude of the ship. 

There are several minute circumstances observed in the prac- 
tice of this problem, which do not affect its general spirit, and 
the introduction of which here would be unsuitable to our object ;: 
we therefore omit them. 

Thus we see that, whether by sea or by land — ^whether in the 
observatory of the astronomer, traversing the sands of the desert 
or the forests of America, or voyaging over the trackless and 
nnimpressible surface of the ocean — ^we are in every case by 
science supplied with suitable and practicable means by which we 
can ascertain the distance of the place where we are, north or 
south, on the globe. 



TO DETERMINE THE LONGITUDE. 

11. In expressing and determining the latitude of a place, we 
have fixed points and lines on the firmament to refer to — such as 
the celestial pole and equator ; and to find it, nothing more is 
necessary than to ascertain the position of the zenith of the place 
with reference to these. But with respect to the longitude, the 
case is very different ; it is impossible even to express the 
longitude without involving a reference to two places at least-— 
that of which we wish to determine the lon^tude, and that 
which is selected as the starting point from which all longitudes 
are to be measured. If we could observe in the firmament the 
two points which at the same time form the zeniths of the two 
places, then the differehce of their longitudes could be found by 
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noting the times at which these two points would cross the 
meridian of the place whose longitude is to be determined. 

To comprehend fully the spirit of the celebrated problem of 
finding the longitude, we must imagine the globe of the earth 
turning on its axis, having around it the starry firmament. Let 
us suppose ▲ B c, a & c, to be the parallel of latitude of the place 
r, whose longitude io to be determined, p being the pole, and let 
m z N represent the firmament. Let the zenith be the point oa 




the firmament marked by z. If we suppose the globe to turn 
upon its axis in the direction of ▲ b c, a 6 c, the place p will, by 
its rotation be carried to the right of z, and the same point z 
will become successively the zenith of the points o b and a ; and, in 
fact, every point in the parallel of latitude will successively come 
under the point z, which will be, therefore, in regular succession, 
their zenith points. In twenty-four hours, or, more accurately, 
in twenty-three hours and fifty-six minutes, the globe will make 
its complete revolution ; therefore three hundred and sixty 
degrees of the parallel will successively pass under the same 
point of the firmament. 
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By knowiDg exactly the time of rotatioii of the earth, and 
having ascertained that its diomal motion is nniform, we caa 
determme by simple arithmetic what extent of its snrface will 
pass, in a given time, under any point of the firmament. Thus 
if we say in round numbers that the whole circumference cor- 
responds to twenty-four hours, it will follow that fifteen degrees 
will move under the point z each hour, or one degree in four 
minutes. 

If we suppose z to represent the place of the sun, then it will 
be noon, or twelve o'clock, at the place which is immediately 
under z ; that is, at p. If c be fifteen degrees west of p, then it 
will arrive under z one hour after p ; consequently, when it is 
noon at p it is eleven o'clock |it a place fifteen degrees to the 
west of p ; and, for the same reason, it is ten o'clock at a place 
thirty degrees to the west of p, and so on. 

Again : if a be a place fifteen degrees to the east of p, a must 
have been imder z an hour before p reached it. It will be noon, 
therefore, at a, an hour before it is noon at p \ therefore, when it 
is noon at p it is one o'clock at a. In the same manner, and for 
like reasons, if 5 be a place thirty degrees east of p, b will pass 
under z two hours before p ; and therefore when P passes under 
z it will be two o'clock at b. 

It will be apparent from these explanations, tliat in general, 
the hour of the day at different places upon the earth, at the 
same time, will depend upon their relative position east or west 
of each other. If one place be east of another, the hour at that 
place will be later with respect to noon than the hour at the 
other ; and the extent to which it is later will depend on the 
distance which one place is east of the other. In calculating 
this difference of time from the difference of position east or 
west, we may take fifteen degrees to correspond with an hour, as 
already explained. 

But this distance of one place east or west of another, 
expressed in degrees, is, in fact, the difference of their longitudes ; 
and if one of the two places in question be that from which the ' 
longitudes are measured, the determination of the longitude oi 
a place would resolve itself into the discovery of the hour of the 
day in the place whose longitude we want to find, and also at the 
place from which the longitudes are measured. 

Thus, for example, let us suppose that we ascertain the hour 
pf the day in New York, and find that it is two o'clock in the 
afternoon, and that We have a means by which we can discover^ 
at the same time, what the hour of the day is at Greenwich, and 
that by these means we know that it i^ 56 minutes past 6 o'clock* 
We know, then, that the time is 4 hours. 56 minutes earlier at 
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New York than at Greenwich, and consequently we infer that 
New York must be west of Greenwich bj a longitude which 
corresponds to 4 hours 56 minutes. Now 4 hours correspond to 
60°, and 56 minutes correspond to 14"* ; therefore it follows, that 
the longitude of New York must be 74' west of Greenwich. 
We caD, then, always discover the longitude of any place, pro- 
vided we can ascertain, at any moment, the hour of the day at 
the place in question, and know, at the same time, what the 
hour of the day is in that place from which the longitude is 
measured.* 

There are simple methods of observation and calculation by 
which the hour of the day in the place where we are can be 
determined, with more or less accuracy, according to the circum- 
stances of our position. If we are on land, and supplied with a 
proper transit instrument, we can, by its means, observe the 
moment at which the centre of the sim's disc passes the meridian. 
Thus, as the moment of noon arrives, by observing it, we can set 
a good clock, which will inform us of every other hour of the 
day. But even in the absence of a clock, we can determine the 
hour of the day at any moment at whidi the sun is visible, by 
observing its altitude, having previously ascertained the latitude 
of the place at which we are. 

If we are at sea, where we cannot command a transit instru- 
ment, nor use it if we could, the latitude of the place of the ship 
is first determined, and then the hour is found by observing the 
altitude of the sun at any convenient time in the afternoon or 
forenoon. The hour being once found, the time can be kept by a 
chronometer for any number of hours afterward. Thus it appears^ 
under all circumstances, whether at sea or on land, there is no 
practical difficulty in determining what o'clock it is where we 
are. This at once reduces the problem of the longitude to the 
simple discovery of the hour of the day, at any given time, at the 
place from which the longitudes are reckoned. 

The first and most obvious method of accomplishing this 
which would occur to the mind, would be to carry a good 
chronometer from the place from which the longitude is 
reckoned. Supposing this chronometer subject to no error, it 
will continue to inform you of the hour of the day at that place. 
Thus, suppose that on leaving London the mariner takes with 
him a chronometer set according to the time at Greenwich, and 
with it makes his voyage to New York ; the chronometer will 

* There are several corrections to be attended to in the piaotical workmg 
of the methods of determining latitade and longitude which we have pur- 
posely omitted, as they do not affisot the spirit of the method, which is all 
we would here eonvey. 
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continue to inform him what the time is from hour to hoar at 
Greenwich. When he arrives at New York, he will find that 
when the chronometer points to 12 o'clock, or noon, it will be 
early in the morning ; and if he ascertains the hour exactly, he 
will find that it will be 4 minutes after 7 o'clock. He will there- 
fore know that the time at New York is 4 hours 56 minutes 
earlier than at Qreenwich, and, consequently, that New York must 
be 74" west of Greenwich. It is for these reasons that the perfec- 
tion of chronometers has always been considered so essential to the 
progress of navigation. Every ship that makes a long voyage 
ought to be supplied with one, at least, of these instruments ; but 
as they are liable to accident, and as even the best of them 
cannot be rendered perfect, it is usual with ships that are well 
provided for long voyages to carry more than one chronometer. 

Although the art of constructing time-keepers has been 
brought to a high degree of perfection by the skill of modem 
artisans, these instruments are even yet, and probably will ever 
continue to be, too imperfect to be implicitly and exclusively 
relied upon. If we only required their indications for short 
spaces of time, such as a few days, or even weeks, we might per- 
haps place a secure reliance upon them ; especially if the voyager 
were provided with more than one instrument of this kind. But 
in voyages or journeys which occupy months, we cannot rely on 
the indications of these instruments, even when most liberally 
provided and most perfectly constructed. 

Ill the absence, then, of a chronometer, how, it will be asked, 
can the longitude of a place be ascertained at all 1 The first 
method that will occur to the mind, will be that of some con- 
spicuous signal which can be seen at the same time at the two 
places, whose difference of longitude is to be determined. For 
this we require two observers ; but it is perhaps the method of 
all others susceptible of the greatest accuracy. Let us suppose 
that on some elevated position, between two distant places^ such 
as London and Birmingham, a conspicuous light is produced, such 
as the celebrated electric light, which might be exhibited on 
the top of a high mountain so as to be visible at once from both 
places. Let this signal light be suddenly extinguished, and let 
the observers stationed at London and Birmingham note the 
exact moment ^t which this extinction takes place. By com- 
paring afterwards these times the exact difference of longitude of 
the two places will be found. 

12. But this method is evidently applicable only on a limited 
scale, and under peculiar circumstances ; it is altogether unavailr 
able to the mariner. Now the astronomer supplies him with a 
chronometer of unerring precision; a chronometer which can 
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never go down, nor fall into disrepair ; a chronometer which is 
exempt from the accidents of the deep ; which is undisturbed by 
the agitation of the vessel ; which will at all times be present 
and available to him wherever he may wander over the trackless 
and unexplored regions of the ocean. Such a chronometer has 
been found ; made by an Artisan who cannot err, and into 
whose works imperfection can never enter. Such a chronometer 
is supplied by the firmament itself. The unwearied labours of 
modem astronomers have converted the face of the heavens into 
a clock, and have taught the mariner to read its complicated but 
infallible indications. We may regard for this purpose the 
firmament as the dial-plate of a chronometer on an immense scale. 
The constellations and the fixed stai*s upon it, which, for count- 
less ages, are subject to no change in position, serve as the 
hour and minute-marks. The sun, the moon, and the planets,^ 
which move continually over the surface of this splendid 
piece of mechanism, play the parts of the hands of the clock. 
The positions of these bodies from day to day and from hour 
to hour, and every change of their positions, are accurately 
foreknown and exactly registered in a book published some two 
or three years in advance, called the " Nautical Almanac,** and 
circulated for the benefit of mariners. In this work the navigator 
is told what the hour is or will be at Greenwich for every 
variety of position which the sun, moon, and planets shall have 
from time to time upon the heavens. But of all objects in the 
heavens, that which is best suited for this species of observation 
is the moon, and hence this method of determining the longitude 
at sea has been distinguished by the appellation of the lunar 
method. By the use of Hadley's sextant, which we have already 
alluded to, it is easy, whenever the heavens are clear, to observe 
the angular distance of the moon either from the sun or from the 
most conspicuous stars or planets. The motion of the moon in 
the firmament is so rapid that its change of position is perceptible, 
even by such observations as can be made on board a ship from 
hour to hour. 

How, then, it may be asked, can such observations be made 
subservient to the discovery of the longitude of a shipl Nothing^ 
can be more simple. The navigator requires only to know what 
is the hour at Greenwich at the time he makes his observation.. 
This he discovers in the following manner : He observes with 
the sextant the distance of the moon from the sun, or from some 
of the most conspicuous stars ; he then, after certain pre- 
liminary calculations not necessary to detail here, examines the 
''Nautical Almanac,** where he learns what the hour is at Green- 
wich, when it has these particular distances from the sun or the 
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stars. Ejioii^iDg this, and knowing the houi* where he is, the 
difference of the longitude of a ship and the observatoiy at 
Greenwich is known to him. 

13. To supply ships leaving the Thames on long voyages with 
the exact Greenwich time, the following expedient is adopted : 

The Boyal Observatory, built on an elevated ridge, forms a 
conspicuous object from the river. It was, therefore, dedded 
that a signal should be given at the instant of one o'clock 
in the afternoon of each day ; by observing which, navigators 
within view of the observatory could correct their chronometers. 
The signal adopted for this purpose was the sudden fall of a 
large black ball, placed upon a pole raised from the top of one of 
the towers of the observatory. 

Before elevating the ball, at five minutes before one o'clock, a 
signal is made of the intention to do so by raising it half-mast 
high. Observers are then instructed to prepare their chronome- 
ters ; and as the descent of the ball occupies several seconds, 
they should confine their attention to observing the moment when 
the ball leaves the top, as it is that alone which indicates the 
hour. 

The use of this signal is not merely confined to the indication 
of the mean time at Greenwich for navigators going down the 
river. By observing the drop of the ball, repeated day after 
day, mariners who are in the river will be enabled to ascertain 
the daily rate of their chronometers. 
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COMMON THINGS. 



THE EARTH. 

. Difficulty of observing tbe earth as a whole. — 2. It appears at first an 
indefinite flat snrfiioe. — 3. This disprored by tiavellmg round it. — i. 
Proof of the cnrvatui^ of its siu&ce by observation of distant objects 
at sea. — ^5. By the Earth's shadow projected on the Moon. — 6. In- 
equalities of snrfikce, such as mountains and valleys, insignificant. — 
7. Magnitude of Earth, how ascertained. — 8. Length of a degree of 
latitude. — 9-10. Illustrations of the Earth's magnitude. — 11. Is the 
Earth at test ? — 12. Apparent motion of the firmament. — 18. Ori^^ 
of tiie word " Universe." — 14. This apparent motion may not be real 
— ^may arise fix)m the rotation of the Earth. — 15. How such a rotation 
would produce it. — 16. Poles. — 17. Equator. — 18. Hemispheres. — 19. 

Labdksb's Musbux or Scisncx. a 49 
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COMMOK THINGS — ^THE SABTH. 

Ifcvidltfii. — 20. WUdi of the two rotations Is tbe more ptobaUe t — 
21. Botntaon of the universe impossible. — 22. SimplidtyofUie supposed 
rotKiion of the globe. — ^23. Direct proofsof this moiioni — ^24. Foucault's 
experiment. — ^25. Its analogy to the planets. — 26. Condnaoa as to the 
globular foim of the earth requires modification. — 27. All hiimaa 
Imowledge tentative and approzimatiTe. — 2& Botation not oompattble 
witii ihe exact s^obnlar form. — ^29« Centrifugal force of the Earth's 
rotation. — 80. The globe rotating would assume the form of an oblate 
spheroid. — 81. The degree of ellipticity would vary with the velocity . 
of rotation. — 82. Experimental illustration. — 83. Elliptidty corre- 
sponding to the diurnal rotation.' — 84. How these circumstances affect, 
the actual state of the Earth. — 35. Form of a terrestrial meridian. — 
86. Dimensions of the terrestrial spheroid. — 37. Its departure fronk 
an exact globe very small — 88. Its density and mass. — 39. Deter* 
mined by Cavendish and Maskelyne. — 40. Its total weight. 

1* LociQS somewlieTe obseryes, wil^ his usual felicity of illustara* 
tion, that the <*mind, like the eye, while it makes us see and 
peroeive all other things, can never turn its view with advantage 
upon itself." We encounter something similar to this in our 
researches through tbe universe ; for of all the objects which, 
compose it, one of the most difficult of which to obtain a com- 
plete and accurate knowledge is the planet which we inhabit* 
The cause of this is our proximity to it, and intmiate connexion 
with it. We are confined upon its surface, from which we cannot 
separate ourselves. We cannot obtain a bird's-eye view of it, nor 
at any one time behold more than an insignificant portion of its 
surface. We have the same difficulty in obtaining an acquaintance 
with it that a microscopic animalcule would have in acquiring 
a perfect knowledge of the form and dimensions of a terrestrial 
globe twelve inches in diameter, on the surface of which it 
creeps. 

Still, by a variety of indirect methods supjdiied by the ingenuity 
of scientific research, we have been enabled to ascertain its form, 
dimensions, and physical constitution, with a considerable degree 
of accuracy. 

2. The first impression produced upon the eye of an observer, 
who has not carried his inquiries further, is, that the surface of 
the earth is a flat plane, interrupted only by the inequalities of 
the land, A little careful observation, however, upon the many 
phenomena which are easily accessible to every observer, will 
correct this erroneous impression. 

3. It is well known that if a voyage were made upon the earth, 
continually preserving one and the same direction, or doing so as 
nearly as circumstances will permit, we should at length arrive 
at the place from which we departed. If the earth were an 
indefinite plane, this could not happen. It is evident, then, that 
whatever be the exact form of the earth, it is a body which is on 
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every side limited, and one wliioh must tbezefare Iiaye such a 
sur&oe that a traveller or navigator oan oompletely sarround it in 
one oontinuons course. 

4. Let US see, however, whether we may not ohtain evidence 
more distinct as to its form. If we stand on the deck o£a ship at 
sea, and ont of sight of land, the view being bounded only by sea 
and sky, and look at the horizon when a ship (a, fig. 1) approaches, 
we shall at first see its topmast rising out of the water like a pole. 

rig.1. 




As it gradually comes nearer to us (as at b), more of the mast will 
become visible, and the sails will be seen— cut off, however, 
horizontally, by the line at which the water and sky unite. Upon 
the nearer approach of the ship (as at c and n), the hull will at' 
length become visible. Kow since this takes place on all sides 
around us, it will follow that when the ship is at a distance, there 
must be something interposed between the eye and it which inter- 
cepts the view of it; but as the surface of the water iis generally 
uniform, and not subject to sudden and occasional inequalities like' 
that of the land, we can only imagine its general form to be 
convex, and that its convexity is interposed between the eye and 
the object so as to intercept the view. 

Since the same effects are observed from whatever direction the 
ship may approach, it will follow that the same convexity must 
prevail on every side. 

If, on the contrary, the surface extending from the eye to the 
ship were a plane, the ship would be rendered invisible only by 
reason of its . distance ; whereas it is ascertained that a ship 
frequently is invisible at a distance at which it must be seen but 
for the interposition of some other object ; this may be tested, and 
in fact is frequently tested at sea by mounting to the masthead, 
whence the seaman being enabled to overlook the convexity, see* 
vessels which are invisible from the deck, although, strietly 
speaking, he is ne&rer to those vessels on the deck than at tho 
masthead. 

When the mariner, after completing a long voyage, diseovers by 
his observations and reckonings that he is approaching the desired 
coast, he ascends to the topmast and looks out for the appearance 
of mountains or other elevated land, and he invariably sees them 
from that point long before they are visible from the deck. He. 
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afterwaicb sees than firomthe dsok long before the general level of 
the ooimtry "will be obserred by him. AH tiiese are natural and 
necessary conBequenoes of the convexity of the snrfaoe of the 
ocean. The eame effects would be seen in any part of a continent 
which is safficiently free frommoontaina and odier ineqnalitiea. 

5. But we have a still more oondosive and convincing proof of 
the general form of the earth even than those which have been 
explained. When the moon passes, directly behind the eartb> so 
that the shadow which the earth projects behind it in the direction 
opposite to the sun shall IiblII upon the moon, we invariably find 
that shadow to be, not as is commonly said, circular, but such 
exactly as one globe woidd project upon the surface of another 
globe. Now, as this takes place always, in whatever position the 
earth may be, and while the earth is revolving rapidly with its 
diurnal motion upon its axis, it follows that the earth must either 
be an exact globe or so little different from a globe that its devia- 
tion frran that figure is undisooverable in its shadow. 

We may, tiien, consider it demonstrated that the earth may 
be praetioally regarded as globular in its form. We shall here-' 
after see that it slightly departs from the spherical figure, but 
our present purpose will be best answered by regarding it as a 
globe. 

6. The objection will doubtless occur to many minds that the 
inequaUty which exists on the sur&ce of that portion of the globe 
that is covered by land, especially the loftier .ridges of moun- 
tains, such as tiie Andes, the Alps, the Himalaya, and others, are 
incompatible with the idea of a globular figure. If the term 
globuhir figure were used in tiie strictest geometrioal sense, this 
objection doubtlessly would have great force. But let us see the 
real extent of this presumed deviation from the globular form. 
The highest moontain on the sur&ee of the globe ^s not exceed 
five miles above the general level of the sea. The entire diameter 
of the globe, as we shall presently see, is eight thousand miles. 
The proportion, then, which the highest summit of the loftiest 
mountains bears to the entire diameter of the globe will be that 
of five to eight thousand, or one to sixteen hundred. If we take 
an ordinary terrestrial globe of sixteen inches in diameter, each 
inch upon the globe will correspond to five hundred miles upon 
the earth, and the sixteen hundredth part of its diameter, or the 
hundredtii part of an inch, will correspond to &7e miles. I^ then, 
we take a narrow strip of paper, so, thin that it would takd one 
hundred leaves to make an inoh in thickness, and paste such a 
strip on the surfaoe of the globe, the thickness of the strip would 
represent upon the sixteen-inoh globe the height of the loftiest 
mountain on the earth. We are then to consider tiiat the highest 
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mountain-ranges on the earth deprive it of its globular figure only 
in the same degree and to the same extent as a sixteen-inoh globe 
would be deprived of its globular figure by a strip of paper pasted 
upon it the hundredth part of an inch thidc. 

It is supposed that the greatest depth of the ooeaa which covers 
any portion of the globe does not exceed the greatest height of the 
mountains upon the land. If this be true, the ocean upon the 
earth might be represented by a film of liquid laid with a camel's 
hair pencil upon the sur&ce of a sixteen-indh globe. 

It is apparent, therefoife, that depths and heights which appear 
to the common observer to be stupendous, are nothing when ooor 
sidered with reference to the magnitude of the earth ; and that, so 
far as they are concerned, we may practically regard tilie earth as 
a true globe. 

7. Having ascertained satisfactorily the form of the earth, 
our next enquiry must be as to its magnitude; vwi since it 
is a globe, all that we are required to know is the length of its 
diameter. 

If a line were described surrounding the globe, so as to form a 
circle upon it, the centre of which should be at the centre of the 
globe, such a drde is called a great circle of the earth. Now if 
we know the length of the circumference of such a circle, we could 
easily calculate i^e Length of its diameter, for the proportion of 
ihe circumference to the diameter is exactly knOwn. But we 
could caloulaite the circumference if we knew the length of one 
degree upon it, since we know that the drcumferenee ccmsists of 
three hundred and sixty degrees ; we should therefore only have 
to multiply the length of one degree by three hundred and sixty 
to obtain the drcumferenee, and should thence calculate the 
diameter. 

8. In our tract upon latitudes and longitudes, it was shown how 
the latitude of a place can be ascertained, Kow, let us suppose 
two places selected which are upon the same meridian of the earth, 
and therefore have ilie same longitude, and which are not very 
far removed from, eadi other. Let them, moreover, be selected 
80 that the distance between them can be easily and accurately 
measured. Now let the latitude of these two places be exactly 
determined, and let us suppose for example that the difference 
between these two latitudes is found to be one degree and a half ; 
and supposing also that on measuring the distance between them, 
that distance is found to be one hundred and four miles and thirty- 
five hundred^s. We should tibence infer that such must be tiie 
length of one degr^ and a half of the earth's sut&ce, and that 
consequently the length of one degree would be two thirds of this, 
or sixty-nine and a half miles* Having thus found the length of 

d3 



COMMON THINGS — THE BABTH. 

a degree, ire shoiild liaye to nraltiplj it by three* hundred and 
axtyy by wbieb we should obtain the oircnmferenoe of the earth, 
ndfl would giro twenty-fiye thousand and twenty miles, and we 
fihonld then find by the osual mode of calcnlation the diameter of 
the earth, which would prove to be a little nnder eight thousand 
miles. 

The fSeuyt that a degree of the earth's cironmferenoe oansifts in 
Toond nnmbers of just so many thousand feet as tiiere are days in 
the year, supplies a yery convenient aid to the memory. 

We have made these calculations chiefly with a view of render- 
ing the principles of the investigation intelligible. The more 
«xaet dimensions of the earth will be explained hereafter* 

We conclude, then, that the earth is a globe eight thousand 
miles in diameter. 

9. To enoxmce this stupendous arithmetical result is much 
easier than to obtain any distinct notion of the actual magnitude 
which it expresses; Sudi a globe has a circumference of twenty^ 
five thousand miles. A locomotive engine travelling incessanUy 
night and day, at twenty-five miles an hour, would take about 
forty-two days to go round it. 

10. When the diameter of a globe is known, its surfeuse and 
volume or cubical bulk can be easily determined. To find the sur£EU)e 
we have only to take three hundred and fourteen hundredths of 
the square of the diameter, and to find the volume, five hundred 
and twenty-four thousandths of the cube of the diameter. In this 
way we find that the surfiEuse of the earth measures two hundred 
millions of square miles, and that its cubical bulk is about two 
hundred and sixty thousand millions of cubic miles. 

If the materials which form such a globe were built up in the 
form of a vertical column, the base of which would have the mag- 
nitude of England and Wales, its height would be nearly four 
and a half millions of miles ! * 

11. Such being the dimensions of the globe We inhabit, we are 
next to consider what is its condition as to motion. Is it, as it 
appears, at rest ? For several thousand years in the history of 
the human race, it was not only so considered, but he that would 
have ventured to call in question its stability and quiescence 
would have been deemed insane. Certain expressions in the sacred 
Scriptures being erroneously supposed to affirm its immobility, it 
was deemed heretical to deny it ; and Galileo, who did so, was 
put to the torture by the ecclesiastical authorities of the day, and 
compelled to admit its quiescence. This verbal admission was, 
however, so utterly opposed to his convictions, that, on quitting 
the presence of the inquisitors, he stamped on the ground, and 
muttered the wordS) << It moves foe all that. " 
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12. A few hours' attenttre eontemplatioii of the firmament at 
night will enable any common obserrer to peroeiye, that although 
the stars are, rektiyelj to eadi other, fixed, the hemisphere^ aa a 
whohf is in motion. Looking at the zenith, that is the point 
-dJieetly above onr head, constellation after oonstellation will 
appear to pass across it, having risen in an oblique direction from 
the horizon at one side, and, after passing the zenith, descending 
on the other side to the horizon, in a direction similarly oblique. 
Still more careful and longer continued observation, and a com- 
parison, so far as can be made by the eye, of the dilTerent directions 
fluocessively assumed by the same object, creates a suspicion, which 
every additional observation strengthens, that the celestial vault 
has a motion of slow and uniform rotation round a certain diameter 
as an axis, carrying with it all the objects visible upon it, without 
in the least deranging their relative positions or disturbing their 
^urrangement. 

When these loose impressions of the senses are submitted to the 
more exact means of observation which are at the disposition of 
astronomers, it is found that all the appearances of the heavens, 
the rising and the setting of the stars, the sun and the moon, their 
apparent motion in ascending to, passing, and descending from^ 
their several points of culmination, is theit of a sphere revolving 
with an uniform motion round the diameter which is directed to 
the pole. 

The world we inhabit therefore would, to judge tcom these 
phenomena, seem to be fixed in the centre of a hollow f^here of 
vast magnitude. On the concave surface of this hollow sphere 
tiius surrounding us at an immeasurable distance all the stars 
appear to be placed* This sphere, carrying the whole creation 
upon it, appears to revolve round our world. It makes a complete 
fevolution in twenty-four hours.* By this rotation, the diurnal 
appearances of the rising and setting of all the heavenly bodies are 
perfectly explained. 

13. The ancients who, as has been stated, affirmed the reality 
of this motion of the celestial sphere, gave to the whole creation 
around the earth, the name Uktvebse ; £rom two words, Uinrs, one, 
and •YsBSUX, turning or rotation ; because they assumed that by 
an imaginary force, called the PBDCinc mobile, ot first impuUe^ 
this rotatory motion had been imparted to the firmament, which 
ever afterwards retained it. 

14. It is easy to perceive that the apparent diurnal rotation of 
&e firmament round the earth may arise indifferentiy from either 
of two causes : 1st, from such a real rotation of the firmament 

* More exactlj 23^ 56" 4*09', but for the present the canse of this 
differenoe need not be noticed. 
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once in twenty-four hours ; 2ndly, from the rotation of the globe 
of the earth in the same time round that diameter which is in 
the- direction of the axis round which the firmament a^iears to 
revolTe. 

There is absolutely no other sappodtion possible but one or 
other of these. The rejection of either neoessaiily throws us upon 
the adoption of the other. 
I But it may be required that we should show how the rotation of 
the earth upon an axis passing through the poles would cause the 
apparent diurnal rotation of the firmament. 

15. Let us assume that the eaitii is a globe revolying uniformly 
on its axis in twenty-four hours. The uniyerse around it is 
relatiTely stationary, and the bodies which compose it being at 
distances which mere vision cannot appreciate, appear as if they 
were situate on the surface of a yast celestial sphm in the centre 
of which the earth reyolves. This rotation of the earth gives to 
the sphere the appearance of revolving in the contrary direction, 
as the progressive motion of a boat on a river gives to the 
banks an appearance of retrogressive motion; and since the 
apparent motion of the heavens is frcnn east to west, the real 
rotation of the earth which produces that appearance must be from 
westtoeast. 

How thiis motion of rotation explains the phenomena of the 
rising and setting of celestial objects is easily understood. An 
observer placed at any point upon the sartiBuoe. of the earth is 
earned round the axis in a circle in twenty-four hours, so that 
every side of the celestial sphere is in succession exposed to his view. 
As he is carried upon the side opposite to that in which the sun is 
placed, he sees the starry heavens visible in the absence of the 
qdendour of that luminary. As he is turned gmdually towaxds 
the side where the son is placed, iU light begins to appear in the 
firmament, the dawn of morning is manifested, and the globe con- 
tinuing to turn, he is brought into view of the luminary itself 
and all the phenomena of dawn, monaSag, and sunrise tae 
exhibited. While he is directed towards the side of the firmament 
in which the sun is placed, the other bodies of inferior lustre axe 
lost in the splendour of tlxat luminary, and all the ph^iomena of 
day are exhibited. When by the continued rotation of the globe 
the dbserver begins to be turned away from the directioa of the 
sun, that luminary declines, and at length disaf^azs, producing 
all the phenomena of evening and sunset. 

Such, in general, are the effects which would attend the motitm 

of a spectator placed upon the earth's sui^oce, and carried round 

with it by its motion of rotation. He is the spectator of a gorgeous 

diorama exhibited on a vast scale, the earth which forms his station 
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beii^ iihe revolTing stage by whioh he is oanied round, aa as to 
view in sucoessioxi the spectacle whioh snironnds him. 

These appearances vary with the position assomed by the obserrer 
on this revolving stage ; or, in other words, upon his situation on 
the earth, as will pres^tly i^pear. 

16. That diameter upon which it is necessary to sappose the 
earth to revolve in order to explain l^e phenomena is that whioh 
passes Ihroogh the terrestrial poles. 

17. If the globe of the earth be imagined to be eat by a plane 
passing through its centre at right angles to its axis, such a plane 
will meet the earSsuoe in a drde, which wUl divide it into two 
hemiiq)heres, at the summits of which the poles are sitoate. This 
circle is called the hekbestbial eoxjatob. 

18. That hemisphere which includes the continent of Europe is 
called the if o&thebn heuisphebe, and the pole which it includes 
is called the nobthsen tsbbestbial pole ; the other hemisphere 
being the sotjthebn hexisphbbe, and including the bottthebn 

TEBBESTBIAL POLE. 

19. If the surface of the earth be imagined to be intersected 
by planes passing through its axis, they will meet the sorfiaee 
in circles which, passing through the poles, will be at right 
angles to the equator. These circles are called tebbesibial 
JLiEBiDiAii^s, and will be seen delineated on any ordinary terrestzial 
globe. 

These observations will be more clearly comprehended by 
refei^nce to fig. 2, in which ir is the north, and s the south pole ai 
the earth, and jb q the equator. The firmament sdziounding the 
earth is represented by the circlen^s ^. The axis sir of the earth 
being supposed to be prolonged to the heavens will meet the firma*- 
ment at n and «, the celestial north and south poles ; and In like 
manner the plane of the terrestrial equator M a being continued 
to the heav^DLS, will meet the firmament at <s q, tiie celestial 
equator. 

If an observer be stationed at o, his zenith will be at s, and his 
horizon at h h\ As the globe revolves from west to east, the 
heavens will be successively brought into view on the east^ and 
wiU disappear continuaily on the west. 

20. Assuming th«a that all the diurnal changes of appearance 
presented by the firmament, the risings and settings of the sun, 
moon, and stars, and their var3ring appearance in different lati* 
tudes, admit of being explained with equal precision and com- 
pleteness, either by supposing the universe to revolve daily round 
the earth, or the earth to revolve daily on its axis, the only 
questicm which remains to be decided is, which of these two 
suppositions is the more probable P 
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< The fixity and absolute repose of the globe of the earUi beings 
aesumed by the ancients as a physieal maziia whioh did not eTea 
admit of being questioned, they percdyed the inoTitable ohaiacter 
of the altematiTe which the apparent dinmal rotation of ^bo 
heavens imposed npon them, and accordingly embraced the hypo* 
thesis, which now appears so monstrons, and which is impli^ in 
the term ukitbbsb, which they hare bequeathed to ns. 

21. But with the knowledge which has been obtained by the 
labours of modem afltronomers respecting the enormous magnitudes 
of the principal bodies of the physical uniyerse, magnitudes 
oompared with which that of the globe of the earth dwindles to a 
mere point, and their distances under the expression of which the 
yery power of number itself almost fails, and recourse is had 
to colossal units in order to enable it to express even the smallest 
of them, the hypothesis of the immobility of the earth, and the 
diurnal rotation of the countless orbs of magnitudes so incon- 
oeiyafole filling the immensity of space once every twenty-four 
hours round this grain of matter composing our globe, becomes 
ISO preposterous that it is rejected, not as an improbability, but as 
an absurdity too gross to be eyen for a moment seriously enter- 
tained or discussed. 

22. But if any ground for hesitation in the rejection of this 
hypothesis existed, all doubt would be remoyed by the simplicity 
and intrinsic probability of the only other physical cause which 
can produce tiie phenomena. The rotation of the globe of the 
earth upon an axis passing through its poles, with an unifonn 
motion tem west to east once in twenty-four hours, is a suppo- 
sition against which not a single reason can be adduced based on 
improbability. Such a motion explains perfectly the apparent 
diunftl rotation of the celestial sphere. Being uniform and free 
from irregularities, checks^ or jolts, it would not be perceiyable by 
any local derangement of bodies on the surface of the earth, all of 
which would participate in it. Obseryers upon the surface of our 
globe would be no more conscious of it, than are the yoyagers shut 
up in the cabin of a canal boat, or transported aboye the clouds in 
tiiie car of a balloom 

23. It has been shown that a body descending from a great 
height does not fall in the true yertioal line, which it would if the 
eartii were at rest, but eastward of it, which it must, if the earth 
haye a motion of rotation from west to east. 

24. An ingenious expedient, by which the dinmal rotation of the 
earth is rendered yiaible, has been conceiyed and reduced to 
experiment by M. Leon Foucaidt. This contriyance is based upon 
the principle, that the direction <^ the plane of yibration of a 
pendulum is not affected by any motion of translation whidi may 
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be given to its point of snspensioni Thus, if a pendulum suspended 
in a iroom aad put into yibration in a plane parallel to one of the 
vaUs, be carried round a circular table, the plane of its yibration 
"mil continually be parallel to the same wall, and will therefore 
yary constantly in the angle it forms with the radius of the table 
which is directed to it* 

Now, if a pendulum, suspended anywhere so near the pole of 
the earth that the circle round the pole may be considered a plane, 
■be put in yibration in a plane passing through the pole, this plane, 
continuing parallel to its original direction as it is carried roimd 
the pole by the earth's rotation, will make a varying angle with 
the line drawn to the pole from the position it occupies. After 
being carried through a quarter of a revolution it wiU make an 
angle of 90** with the line to the pole, and so on. In fine, the 
direction of the pole will appear to be carried round the plane of 
yibration of the pendulum. 

The same effects will be produced at greater distances from Ihe 
pole, but the rate of variation of the angle under the plane of 
yibration and the plane of the meridian will be different, owing to 
the effects of the curvature of the meridian. 

This phenomenon, therefore, being a direct effect of the rotation 
of the earth, supplies a proof of the existence of that motion, 
attainable without reference to objects beyond the limits of the 
globe. 

25. Another evidence of the rotation of the earth upon its axis 
is derived ^m the ascertained fact that the planets which hold 
places in the solar system similar to that of the earth, do revolve 
On axes, in times not very different from that of the earth's 
rotation, as has been shown in our tract upon the Planets. 

It may, then, be taken as proved that the earth is not fixed and 
quiescent, but that it has a rotatory motion round the diameter j 

which passes through its poles, completing a revolution in a day. J 

26. Having explained the proofs by which we have arrived at / 
the knowledge of the globular form of the earth, it may occasion j 
«ome surprise that we shall now have to reconsider and modify ' 
that conclusion. In this there is nevertheless nothing' unusual. . 
It is quite in harmony with all the labours of those who devote 

themselves to the discovery of the laws of nature. 

27. It is the condition of man, and. probably of all other finite 
intelligences, to arrive at the possession of knowledge by the slow 
'and laborious process of a sort of sptem of trial and error. The 
€rst conclusions to which, in physical enquiries, observation 
conducts us, are never better than very rough approximations to 
the truth. These, being submitted to subsequent comparison with 
4h» originals, undergo •a first series of corrections, the more 
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prcHninent and oonspicaoiu dep«rtiaes from oonfiiniiity beiii^ 
lemoyed. A seorad a^pioxiination, but still only an appioxiiiia- 
tion, is thus obtained ; and anotii^ and stQl nuse seyeie com- 
parison irith tbe phenoiaena nnder inyestigatioii is made, and 
another order of corrections is effected, and a doaer approTJinalaim 
obtained. Nor does this progreaaJYe approach to perfect eitaotitqdft 
appear to have any limit. The best resolts d our intellectaal 
labours are still only dose resemblances to tml^, the absolute 
perfection oi. which is probably reserred fer a higher intellectaal 
state. 

These observations will be illustrated by the process of inves- 
tigation and discoyery in every department of physieal science, 
but in none so frequently and so forcibly as in that which now 
occupies us. 

The first condusions at which we have arrived respecting the 
form of the earth is, that it is a globe ; and with respect to its 
motion is, that it is in uniform rotation round one of its diameters, 
making one complete revolution daily. 

28. The first question then ivhich presents itself is, idiether this 
form and rotation are compatible P It is not difficult to show, by 
the most simple principles of physics, that they are not; that 
with such a form such a rotation could not be maintained, and 
that with such a rotation such a form could not permanently 
continue. 

The conclusbn that the earth revolves on its axis with a motion 
coiresponding to the apparent rotation of the firmament, is one 
which. admits of no modification, and must from its natoro be 
either absolutely admitted or absolutdy rejected. The globular 
form imputed to the earth, however, has been inferred from 
observations of a general naturo, unattended by any conditions of 
exact measurement, and which would be equally compatible with 
innumeraUe ferms, departing to a very considerable and measurable 
extent from that of an exact geometrical sphero or globe. 

29. It is afect familiar to every one that when a body is whirled 
round in a circle it has a tendency to fiy from the centre. This is 
called CENTBiFUij^AL %ob€£. If a stone be whirled round in a 
sling, this tendency is sensibly felt. 

By reason of the rotation of the earth on its axis all the matter 
composing it, solid and fluid, being carried round the axis in 
circles of greater or less radius, has this tendency to fiy from the 
axis round which it is thus whirled ; and this tendency is stronger 
for those parts which are moro distant than for those whioh are 
nearer to the conunon axis. 

30. If the globe tbus rovolving wero composed altogether of 
matter capable of yielding to the action of such forces, it wouli 
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obvionsly assmue a fotm departmg from that of an exact sphere. 
The parts near the equator would extend themselves to a greater 
distance from the axis, those more remote from the equator to a 
less distance, and so on, until, at the pole, the matter would not 
be at all affected by the rotation. This would be the case if the 
globe were formed of matter in a liquid or even in a semi-Hquid 
or soft state, or if its materials were elastic. 

The form it would take would be one resembling an orange or a 
turnip. Thus, if N s, fig. 3, be its axis, the equatorial diameter, 
q J, will be stretched out to the increased length, Q Q, while the 
parts between q q and the poles will be less and less extended the 
nearer they are to the poles, ^ ^ 

The globe would therefore be 
changed from the form isqsq. 
of a true sphere, to the form 
N Q s a, of a flattened globe, 
called in geometry an oblate 

SPHEBOII). 

31. The eUiptio form would 
depart more and more from a 
true circle as the motion of 
rotation is more rapid, so that 

between the time of rotation and the degree of ellipticity there is a 
fixed relation, such that when the time of rotation is given, the 
oval form, or what is the same, the proportion of the equatorial 
to the polar diameter, oan be computed. 

32. It is certain, then, that if the earth were composed of fluid, 
soft or elastic matter, it could not continue to retain the form of a 
globe, but would become a spheroid, having that degree of ellip- 
ticity which would correspond to a motion of rotation, at the rate 
of one revolution per day, and it is shown by oalonlation that this 
ellipticil^ would be such that the equatorial diameter would be 
greater than the polar diameter by one three-hundredth part. 

33. But the earth, in its present state, is not composed of such 
yielding mat^nals, and it becomes a question, what, in that case, 
must be the effect of the diurnal rotation on the distribution of land 
and water, if the earth were an exact globe. 

34. The solid paiis of the eartii would resist by their cohesion the 
tendency of the rotation, to cause them to be accumulated and 
heaped up around the equator; but this would not be the case 
with the waters composing the seas and oceans. These, by reason 
of their freedom and mobility would yield to 4ihe centrifugal force, 
and would heap themselves up around the equator, flowing in that 
dineotion from the polar regions of either hemisphere, so tiiat the 
neeessaiy oonaeqaenoes of the earth having a form exactiy 
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globtilar, and a diurnal rotation, ironld be tiiat tiie snr&ce woiild 
consist of two yast polar continents separated by an extensiye 
equatorial ocean. 

Sucb not being the distribution of land and water on the earth, 
it follows that its form cannot be that of an exact globe. 

35. It remains, then, to find means to ascertain by direct 
measurement and obserration, what is the actual form of the 
earth. 

If a terrestrial meridian were an exact circle, as it would neoes* 
sarily be if the earth were an exact globe, every part of it would 
haye the same curvature. But if it were an ellipse, of which the 
polar diameter is the lesser axis, it would have a yaryiog curva- 
ture, the convexity being greatest at the equator, and least at the 
poles. If, then, it can be ascertained by observation, that the 
curvature of a meridian is not uniform, but that on the contrary 
it increases in going towards the Line, and diminishes in going 
towards the Poles, we shall obtain a proof that its form is that of an 
oblate spheroid. 

To comprehend the method of ascertaining this, it must be 
considered that the curvature of circles diminishes as their 
diameters are augmented. 

If, therefore, a degree of the meridian be observed, and 
measured, at different latitudes, and it is found that its length is 
not uniformly the same as it would be if the meridian were a 
circle, but that it is less in approaching the equator, and greater 
in approaching the pole, it will follow that the convexity or curva- 
ture increases towards the equator, and diminishes towards the 
poles ; and that consequently the meridian has the form, not of 
a circle, but of an ellipse, the lesser axis of which is the polar 
diameter. 

Such observations have accordingly been made, and the lengths 
of a degree in various latitudes, from the line to 66^ N. and to 
35° S., have been measured, and found to vary from 363000 feet 
on the Line to 367000 feet atlat. 66**. 

From a comparison of such measurements, it has been ascer- 
tained that the equatorial diameter of the spheroid exceeds the- 
polar by g^th of its length. 

Now this is precisely the form, precisely the degree of ellipticity, 
which a globe, composed of fluid or soft materials, would assume if 
it had a rotation on its axis once in twenty-four hours. 

Thus it appears, that the form of the earth, ascertained by' 
observation, supplies another proof of its diurnal rotation. 

36. It is not enough to know the proportions of the earth. It 
is required to determine the actual dimensions of the spheroid. 
The following are the lengths of the polar and equatorial diameters>. 



DIMBNSIONS. 



acoordmg to the computations of the most eminent and recent 
authorities : — 



Polar diameter . • • • • . 
Equatorial diameter « • • » • 

Absolute difference 

Excess of the equatorial expressed in a frac- ) 
tion of its entire length , , • ) 



MOes. 
7899-114 
7926-604 

26-471 
1 

299 -407 



Miles. 
7899-170 
7925-648 

26-478 
1 

299-330 



The close coincidence of these results supplies a striking example 
of the precision to which such calculations have been brought. 

37. The dep&rtureof the terrestrial spheroid from the form of an 
exact globe is so inconsiderable that, if an exact model of it 
turned in ivory were placed before us, we could not, either by 
sight or touch, distinguish it from a perfect billiard ball. A 
figure of a meridian actually drawn on paper could only be 
distinguished from a circle by the most precise measurement. 

38. The magnitude of the earth being known with great preci- 
sion, the determination of its mass and that of its mean density 
become one and the same problem, since the comparison of ite 
mass with its magnitude will give its mean density, and the 
comparison of its mean density with its magnitude will give its 
mass. 

The methods of ascertaining the mass or actual quantity of 
matter contained in the earth are all based upon a comparison of 
the gravitating force or attraction which the earth exerts upon an 
object with the attraction which some other body, whose mass is 
e:^ictly known, exerts on the same object. It is assumed, as a 
postulate or axiom in physics, that two masses of matter which at 
equal distances exert equal attractions on the same body, must be 
equal. But aS it is not always possible to bring the attracting and 
attracted bodies to equal distances, their attractions at unequal 
distances may be observed, and the attractions which they would 
exert at equal distances may be thence inferred by the general law 
of gravitation, by which the attraction exerted by the same body 
increases as the square of the distance from it is diminished. 

39. To solve tHs celebrated problem, it is necessary to bring 
the whole mass of the globe into direct comparison with some 
object whose mass is exactly known. This was accomplished first 
by Dr. Maskelyne, and afterwards by Cavendish. The former 
compared the attraction of the earth with that of a mountain in 
Pertiishire, called Schehallion; the latter compared it with the 
attraction of a large ball of metaL Both obtained yearly the 
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same result, sfaowing that the earth is a mass of matter about 5| 
heavier than aa equal yolnme of water, or, what is the same, that 
the mean density of the earth is 5{, or, more exactly, 5*67 times 
the density of water. 

Among the substaaoes which have nearly the same density as 
the earth may be mentioned, arsenic, chromium, chloride of silyer, 
oxides of copper and zinc, and peroxide of iron. 

40. The ayerage weight of each cubic foot of the earth being 
5*67 times the weight of a cubic foot of water, b 354*375 lbs., or 
0*1587 of a ton. It follows, therefore, that the total weight of 
the earth is more than 6000,000000 billions of tons. 
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THE SUN. 



1. An object of great interest. — 2, Its distance. — 3. Magmtnde. — 4. 
ninstrations. — 6. Its volume. — 6. Mass or weight. — 7. How asoer- 
tained. — 8. Application of this principle. — ^9. Its density. — 10. Form 
and rotation. — 11. Determined by the appearance of spots. — 12. Dis- 
covery of Solar spots. — 13. Their great magnitude. — 14. Their rapid 
changes. — 15. Hypotheses to explain them. — 16. They are excavations 
in the luminous coating. — 17. Their prevalence varies. — 18. Observa- 
tions npon them. — ^19. Their dimensions. — 20. Facules and Lucules. 
— 21. Physical state of the Solar surfSftce. — 22. Luminous coating is 
gaseous. — 23. Gaseous atmosphere outside it. — 24. Effects of such an 
atmosphere on radiation. — 25. Hypothesis of Sir J. Herschel. — 26, 
Intensity of heat at Sun's sur£Etce. — 27. Supposed source of heat. 

1. Althottgh perhaps the jnoon is the object among the heavenly 
bodies which presents the subject of most interesting inquiry to 
the world in general, yet, to the thoughtful and contemplatLve 
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THE SUN. 

mind, the sun is undoubtedly one of yastlj superior interest. 
The sun — ^the fountain of light and life to a family of circum- 
Tolving worlds — ^the inexhaustible store of genial warmth by 
which the oountless tribes of organised beings that people these 
globes are sustained — the physical bond whose predominating 
attraction gives stability, uniformity, and harmony, to the moye- 
ments of the entire planetary system : to collect together in a 
brief compass the information which modem scientific research 
has supplied relating to this body, cannot be otherwise than an 
interesting and agreeable task. 

2. When we direct our inquiries to any object in the heavens, 
the first questions which present themselves naturally to us are, 
'^What is its distance, magnitude, motion, and position ?" When 
we say that the distances of the bodies composing the solar system 
can be measured with the same degree of relative accuracy with 
which we ascertain the distances of bodies on the surface of the 
earth, those who are unaccustomed to investigations of this kind 
usually receive the statement with a certain degree of doubt and 
incredulity ; they cannot conceive how such spaces can be 
accurately measured, or indeed measured at all. Thus, when 
they are told. that the sun is at a distance from the earth 
amounting to nearly 100,000000 of miles, the mind revolts from 
the idea that such a space could be exactly ascertained and. esti- 
mated. Yet, let us ask, why this difficulty ? whence this incre- 
dulity ? Is it because the distance thus measured is enormously 
great, — ^greater transcendently than any distance we are accustomed 
to contemplate upon our own globe P To this we reply that the 
magnitude of a distance or space does not constitute of itseK any 
difficulty in its admeasurement. Nay, on the contrary, it is often 
the case that we are able to measure large distances with greater 
relative accuracy than small ones ; this is frequently so in the 
surveys conducted on the surface of our own globe. If, then, the 
greatness of the magnitudes does not constitute of itself any 
difficulty, to what are we to ascribe the doubt entertained by the 
popular mind in regard to such measurement ? It will, perhaps, 
be replied that the object, whose distance we claim to have 
measured, is inaccessible to us ; that we cannot travel over the 
intermediate space, and therefore cannot be conceived to measure 
it. But again, let us ask whether this circumstance of being 
inaccessible constitutes any real difficulty in the measurement of 
the distance of an object ? The military engineer, who directs 
his projectiles against the buildings within a town which is 
besieged, can, as we well know, level them so as to cause a shell 
to drop on any individual building which may have been chosen. 
To do this, he must know the exact distance of the building £rom 
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the mortar. Yet the bnilding is inacoessible tt> him ; the walls 
of the town, the fortifications, and perhaps a riyer, intervene. 
He finds, however, no diffionlty in measuring the distanoe of this 
inaccessible building. To accomplish this, he lays down a spaoe 
upon the ground he occupies, called the base line, from the 
extremities of which he takes the bearings or directions of the 
building in question. From these bearings, and £rom the length 
of the base line, he is enabled to calculate by the most simple 
principles of geometry and arithmetic the distance of the building 
in question. Now imagine the building in question to be the sun, 
and the base line to be the whole diameter of the globe of the earth, 
in what respect would the problem be altered? The building within 
the town is inaccessible— so is the sun; the base line of the 
engineer is exactiy known — so is the diameter of the earth ; the 
bearings of the building from the ends of the base line are known 
— so are the bearings of the sun's centre from the extremes of the 
earth's diameter. The problems are, in fact, identical ; they differ 
in nothing except the accidental and unimportant circumstonce of 
the magnitudes of the lines and angles that enter tiie question. 
In short, the measurement of distances of objects in the heavens 
is effected upon principles in all respects similar to those which 
govern the measurement of distances upon the earth ; nor are they 
attended with a greater difiiculty, or more extensive sources of error. 

By such means of observation and calculation it has been 
ascertained that the sun's distance from the earth is a little less 
than an hundred millions of mUes. Although such calculations 
supply results having surprising arithmetical accuracy, the ordinary 
student will always find it convenient to regi9ter in his memory the 
results in the nearest roimd numbers, and it is not easy to forget 
that the distance of the sun, the most important of all astro- 
nomical measurements, is very nearly an hundred millions of miles. 

But while this round result is remembered, it will also be useful 
to explain the more exact numerical measure of this distance, and 
the limits of the error to which it is subject. The result of the 
most exact observations made upon the different bearings of lines 
drawn from opposite sides of the earth to the sun, gives as the 
distance of that luminary, 

95,293452 miles, 
and it has been proved that this result cannot be greater or less 
than the true distance by more than its three hundredth part 
We are, therefore, enabled to affirm absolutely that the distance 
of the sun cannot be greater than 

95,293452+317645 =: 95,611097 miles; 
or less than 

95,293452—317645 s 94,975807 miles. 
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Since the sun moves over 360"* of the heavens in 365^ days, its 
daily apparent motion most be 59'* 14, or 3548", which being 
about twice the sun's apparent diameter, it is easy to remember 
that the disk of the sun appears to move in the firmament daily 
over a space nearly equal to twice its own apparent diameter. Its 
hourly apparent motion is 

3. Having explained the distance of the sun, let us now see how 
its magnitude can be ascertained. There is one general principle 
by which the magnitudes of all the heavenly bodies can be ascer- 
tained when their distance is known. Tins is, in feu^t, accom- 
plished by the device of comparing them with some object of 
known magnitude and which at any known distance will have the 
same apparent size. As this is important, considered as a general 
principle applied to all objects in the heavens, it may not be 
uninteresting to develop it somewhat fully in its application to the 
present object, the sun. 

The common observation of every one who directs his view to 
the heavens, will inform him of the fact that the sun and full 
moon appear to be of the same size. The mere effect of ordinary 
visual observation is, perhaps, enough to establish this ; but if 
more be desired, instruments expresdy adapted to measure the 
apparent magnitudes of objects may be. applied. We are also 
confirmed in the fact by the consideration of the well-known 
phenomena of solar eclipses. A solar eclipse is produced by the 
interposition of the globe of the moon between the eye and the 
globe of the sun. The eclipse is said to be central when the 
centre of the moon is directly in line between the eye and the 
centre of the sim. When this takes place we find that the globe 
of the moon generally covers pretty exactly that of the sun. 
Owing, however, to a slight variation in the apparent size of these 
bodies, from a cause that we shall explain on another occasion, 
the moon at one time a little more than covers the sun, and at 
another time a little less. In short, the average apparent magni- 
tudes of these bodies are the same, tlie one exactly covering or 
concealing the other. 

But we have already stated that the distance of the moon is 
only a quarter of a million of miles. And since that of the sun is 
an hundred millions of miles, it appears that the distance of the 
sun is four hundred times greater than that of the moon ; yet 
these two globes appear to the eye to be of the same magnitude. 
The sun, notwithstanding its being four hundred times farther 
off, appears just as large as "the moon. What, then, are we to 
infer respecting its real magnitude P If the sun were really 
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eqnal in magnitade to the moon, it would assuredly appear four 
hundred times less at four hundred times a greater distance : but 
since at that greater distance it does not appear less or greater, but 
of the same magnitude, the irresistible conclusion, level to the 
apprehension of any understanding, is, that the sun must in reality 
be four hundred thnes greater in its diameter than the moon. . If 
it were less, at four hundred times the moon's distance, it would 
appear less i&an that of the moon ; if it were greater, at that dis- 
tance it would appear greater. It follows, then, that whateyer 
be the magnitude of the diameter of the moouj the diameter of the 
sun must assuredly be four hundred times greater. Now it has 
been ascertained by absolute measurement that the diameter of 
the moon measures about 2000 miles. If we multiply this by four 
hundred we shall obtain 800000 miles, which is, therefore, the 
diameter of the sun. 

These calculations have been made roughly and in round num- 
bers ; more accurately, the diameter of the sun measures 882000 
miles, but as we recommend the adoption of round numbers, we 
shall call the sun's diameter 900000 miles. Such is the stu- 
pendous mass placed in the centre of the system which, by its 
attraction, coerces the movements of the planets. 

4. Such magnitudes and distances are so far beyond all the ordi- 
nary standards with which we are familiar, that the imagination 
is confounded and falls back upon itself after any effort to form 
a distinct conception of them. Let us see whether we cannot 
discover some expedient or some means of illustration by which a 
more distinct notion can be obtained of the distance and magnitude 
of this stupendous globe. 

A railway-train moving at thirty-two miles an hour would take 
three millions of hours or an hundred and twenty-five thousand 
days, 6r three hundred and forty-two years and three months to 
move from the earth to the sun, supposing it to travel incessantly 
night and day for that time ! 

A cannon ball moves fifty times as fast as such a railway train. 
It would therefore move to the sun in a little less than seven 
years ! 

To give some idea of the dimensions of the sun we are to con- 
sider that having a diameter of 882000 miles, its circumference 
will be about 2,770000 miles. Such a railway-train would take 
nine years and ten months to travel round it. 

We know that the moon revolves in a circle round the earth at 
the distance of nearly a quarter of a million of miles. Now let us 
suppose the earth to be placed at the centre of the sun. The 
distance of the outer surface of the sun from the centre of the 
earth would be' 441000 miles. Now the circle in which the 
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moon reyolves round the eaith, is at a distenoe of 240000 miles 
from its oentre, consequently it follows that the earth, and moon 
would be not only contained within the globe of the sun, but 
the moon would be a couple of hundred thousand miles within 
the sun's sur&oe. 

6. But we haTe hitherto only spoken of the diameter of the 
■un ; let us now consider its bulk. When we know the diameters 
of two globes we can always, by an easy operation of arithmetic, 
estimate their bulks. Thus, if one globe have a diameter doable 
another, the bulk of the former will be eight times that of the 
latter. If the diameter be ten times greater, the bulk will be a 
thousand fold greater, and so on. Now we know that the diameter 
of the sun is about one hundred and twelve times greater than, 
that of the earth, from which we infer, by the same principles of 
arithmetic, that the bulk of the sun must be very nearly one 
miUion four hundred thousand times the bulk of the earth. To 
make a globe like the sun, it would then be necessary to roll one 
million four hundred thousand globes like the earth into one ! It 
is found by considering the bulks of the different planets, that if 
all the planets and satellites in the solar system were moulded 
into a single globe, that globe would still not exceed the five 
hundredth part the globe of the sun : in other words, the bulk of 
the sun is five hundred times greater than the aggregate bulk of 
all the rest of the bodies of the system. 

6. The astronomer, however, is called upon to execute processes 
more difficult and yet no less indispensable than the mere measure- 
ment of distances and magnitudes. If we desire to know the 
quantities of matter composing those distant orbs, we must not 
merely measure their magnitudes and fathom their distances, but 
we must wing our flight, in imagination, across those vast dis- 
tances which separate us from them and weigh their stupendous 
masses. If the popular student finds it difficult to believe and 
comprehend how we can measure distances and magnitudes such 
as those of the heavenly bodies, how much more will he be con- 
founded when he is assured that we have at our disposal a balance 
of the most unerring exactitude in which we can place those vast 
orbs and poise them I The globe of the sun itself, transcendently 
greater than the earth and all the planets put together, is weighed 
with as great relative precision, as that with which the chemist in 
his analysis, estimates the weights of the constituents of the bodies 
which pass under his hands. As the general principles by which 
the weights of the bodies of the universe are ascertained is in spirit 
the same for all, it may be worth while here to explain the method, 
once for all, in itsappUoation to the sun. 

7. When a body revolves in a cirde, we know from common 
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and familiar experiments that it has a tendency to fly from the 
centre, which tendency is greater the more rapidly the body 
reyolyes and the greater its distance from the centre. The boy 
who whirls a stone in a sling is conscious of this physical truth. 
The stone, as it revolyes, stretches the string with a certain 
definite force ; this force is not in the gravity of the stone, for it 
would be equally manifested if the stone reyolyed in a horizontal 
plane. It is that tendency which we haye just adverted to, and 
which is technically called centrifugal force. If you increase the 
velocity with which the stone is whirled round, you will find the 
string will be more and more tightly stretched, and you may 
augment the velocity to such an extent as to break the string. 
If you lengthen or shorten the string, preserving the same velocity 
of rotation, you will find that the tendency to stretch the string 
will be proportionally increased or diminished ; in short, a fixed 
rule or law^ as it is called, will be easily discovered by a series of 
simple experiments which will enable us to predict how much the 
fltring will be stretched, provided we know the distance of the 
revolving weight from tiie centre of the cirde and the time it takes 
to make each revolution. 

8. To apply this general principle, then, to the case before us, 
let it be considered that the moon in its monthly course revolves in 
a circle round the centre of the earth. We know its distance, and 
we know the time which it takes to make each revolution, we are 
therefore in a condition to declare with what force it would stretch a 
atring, tying it to the centre of the earth. That the moon exer- 
cises such a force cannot then be doubted. But on w^at, it will 
be asked, is that force expended P There is no string, rod, or any 
•other material or tangible connection between the moon and the 
•centre of the earth. And yet the moon is held as firmly and 
steadily in its circular course round the earth, as if it were tied to 
the centre by a string. In the absence of the string there must 
then be some physical agency which plays its part ; there must be 
something to resist that tendency which the string, if there, would 
have resisted. That $omething was discovered by Newton to be 
the attraction of the eartVs GKAViTATioir exercised upon the 
moon and holding the moon, in its circular orbit, in the same 
manner that it would be bold by the string which hsa been just 
•described. As we know, by the simple mechanical law above 
explained, the force with which that string would be stretched by 
the moon in this case, we are enabled by the same principle to say 
what is the amount of attractive force which the earth exercises 
upon the moon to keep it in its monthly orbit. 

In this manner, in general, we are enabled to estimate the force 
of attraction which a central mass exercises upon another body 
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xerdlYiiig in a drde round it at aknoim diatanee, and in a known 
time. 

While, on the one hand, we know the distance and time of the 
moon's revolution round tbe earth, we also know the distance and 
time of the earth's revolution round the sun. We are thus, 
allowing for the dififerenoe of the two distances, in a condition to 
compare the actual amount of attraction which the earth and the 
sun respeotivelj exercise upon bodies revolving round them, and 
we find, accordinglj, that the attraction exercised hy the sun 
upon any body is greater than the attraction that would be exer- 
cised by the earth upon the same body in a like position, in the 
proportion of three hundred and fifty thousand to one. But as 
these attractions are, in fact, produced by the respective masses of 
matter composing the sun and the earth, it followa that the weight 
of the sun, or what is the same, the mass of matter composing it, 
is three hundred and fifty thousand times greater than the mass of 
matter or weight of the earth. 

To make a globe as heavy as the sun, it would then be necessary 
to agglomerate into one three hundred and fifty thousand glob^ 
like the earth. 

9. Having ascertained the weights and bulks of the bodies of the 
universe, we are in a condition to determine their densities, and 
thus to obtain some clue to a knowledge of their constituent 
materials. We have seen that while the bulk of the sun is about 
one million and four hundred thousand times greater than that of 
the earth, its weight is greater in the much less proportion of 
three hundred and fifty thousand to one« Let us see to what 
inference *this leads in regard to the nature of the matter that 
composes the sun. If the materials of the sun were similar to 
those of the earth, its weight would necessarily be greater than 
that of the earth in the same proportion as its bulk, and in that 
case, of course, the weight of the sun would be one million and 
four hundred thousand times that of the earth. But it is not 
nearly so great as this ; on the contrary, it is much less. Conse- 
quently, it follows that the constituent materials of the sun axe 
lighter than those of the earth in the proportion of about four to one. 
The density of the sun is, therefore, about forty per cent, greater 
than that of water, and, consequenuy, the weight of the solar orb 
exceeds the weight of a globe of the same magnitude composed 
altogether of water, only in that proportion. 

10. Although to minds unaccustomed to the rigour of scientifie 
research, it might appear sufficiently evident, without farther 
demonstration, that the sun is globular in its form, yet the more 
exact methods pursued in the investigation of physii^s demand 
that we should find more conclusive proof of the sphericity of the 
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solar orb than the mere &ct that the diso of the sim is always 
eircnlar. It is barely possible, hoveyer improbable, that a flat 
circular disc of matter, the faice of which should always be pre- 
sented to the earth, might be the form of the snn ; and indeed 
there are a great yariety of other forms which, by a particnlar 
arrangement of their motions, might present to the eye a circular 
appearance as well as a globe or sphere. To prove, then, that a 
body is globular, something more is necessary than the mere fftot 
that it always appears circular. 

11. When a telescope is directed to the sun, we discoyer upon it 
certain marks or spots, of which we shall speak more fully pre- 
sently. We observe that these marks, whfie they preserve the 
same relative position with respect to each other, move regularly 
from one side of the sun to the other. They disappear, and 
continue to be invisible for a certain time, come into view again 
on the other side, and so once more pass over the sun's disc. 
This is an effect which would evidently be produced by marks 
on the surface of a globe, the globe itself revolving on an axis, 
and carrying these marks upon it. That this is the case, is 
abundantiy proved by the fact that the periods of rotation for all 
these marks are found to be exactly the same, viz., about twenty- 
five and a half days. Such is, then, the time of rotation of the 
sun upon its axis, and that it is a globe remains no longer doubt- 
ful, since the globe is the only body which, while it revolves with 
a motion of rotation, could always present the circular appearance 
to the eye. The axis on which the sun revolves is very nearly 
perpendicular to the plane of the earth's orbit, and the motion of 
rotation of the sun upon the axis is in the same direction as the 
motion of the planets round the sun, that is to say, from west 
to east. 

12. One of the earliest fruits of the invention of the telescope was 
the discovery of the spots upon the sun, and the examination of 
these has gradually led to a Imowledge of the physical constitution 
of the centre of our system. ' 

When we submit a solar spot to telescopical examination, we 
discover its appearance to be that of an intensely black irregularly- 
shaped patch, edged with a penumbral fringe, the brightness of 
the general surface of the sun gradually fading away into the 
blackness of the spot. When watched for a considerable time, it is 
found to undei^ a gradual change in its form and magnitude ; at 
first increasing in size, until it attains some definite limit of mag- 
nitude, when it ceases to increase, and soon begins, on l£e 
contrary, to diminish; and its diminution goes on gradually, 
until at length the bright edges closing in upon the dark patch, it 
dwindles first to a mere point, and finally disappears altogether. 
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The period which elapses between the formation of the spot, its 
gradual enlargement, subsequent diminution, and final disap- 
pearance, is very yarious. Some spots appear and disappear very 
rapidly, while others have lasted for weeks and OTen for months. 

13. The magnitudes of the spots, and the Yeloeities with which the 
matter composing their edges and fringes moves, as they increase 
and decrease, are on a scale proportionate to the dimensions of the 
orb of the sun itself. When it is considered that a space upon the 
sun's disc, the apparent breadth of which is only a minute, 
actually measures 27960 miles, and that spots have been frequently- 
observed, the apparent length and breadth of which have exceeded 
2', the stupendous magnitude of the regions they occupy may be 
easily conceived. 

14. The velocity with which the luminous matter at the edges of 
the spots occasionally moves, during the gradual increase or 
diminution of the spot, has been in some cases found to be enor- 
mous. A spot, the apparent breadth of which was 9(y, was 
observed by Mayer to close in about 40 days. Now, the actual 
linear dimensions of such a spot must have been 41940 miles, 
and consequently, the average daily motion of the matter com- 
posing its edges must have been 1050 miles, a Telocity equivalent 
ix> forty-four miles an hour. 

15. Two, and only two, suppositions have been proposed to ex- 
plain the spots. One supposes them to be scoriso, or dark scales of 
incombustible matter, floating on the general surface of the sun. 
The other supposes them to be excavations in the luminous matter 
which coats the sun, the dark part of the spot being a part of the 
solid non-luminous nucleus of the sun. In this latter hypothesis 
it is assumed that the sun is a solid non-luminous globe, covered 
with a coating of a certain thickness of luminous matter. 

That the spots are excavations, and not mere black patches on 
the surface, is proved by the following observations : If we select 
a spot which is at the centre of the sun's disc, having some definite 
form, such as that of a circle, and watch its changes of appear- 
ance, when, by the rotation of the sun, it is carried towards the 
edge, we find, first, that the circle becomes an oval. This, how- 
ever, is what would be expected, even if the spot were a circular 
patch, inasmuch as a circle seen obliquely is foreshortened into an 
oval. But we find that as the spot moves towards the side of the sun's 
limb, the black patch gradually disappears, the penumbral fringe 
on the inside of the spot becomes invisible, while the penumbral 
fringe on the outside of the spot increases in apparent breadth, so that 
when the spot approaches the edge of the sun, the only part that 
is visible is the external penumbral fringe. Now, this is exactly 
what would occur if the spot were an Excavation. The penumbral 
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fringe is produced by the shelyiiig of the sides of tlie exoayation, 
sloping down to its dark bottom. As the spot is carried toward 
the edge of the sun, the height of the inner side is interposed 
between the eye and the bottom of the excavation, so as to conceal 
the latter from view. The surface of the inner shelving side also 
taking the direction of the line of vision or very nearly, diminishes 
in apparent breadth, and ceases to be visible, while Ihe surface of 
the shelving side next the edge of the sun becoming nearly per- 
pendicular to the line of vision, appears of its fall breadth. 

In short, all the variations of appearance which the spots 
undergo, as they are carried round by the rotation of the sun, 
changing their distances and positions with regard to the sun's 
centre, are exactly such as would be produced by an excavation, 
and not at all such as a dark patch on the solar surface would 
imdergo. 

16. It may be considered then as proved, that the spots on the 
sun are excavations ; and that the apparent blackness is produced 
by the fact that the part constituting the dark portion of the spot 
is either a surface totally destitute of light, or by comparison so 
much less luminous than the general surface of the sun, as to 
appear black. This fact, combined with the appearance of the 
penumbral edges of the spots, has led to the supposition, advanced 
by Sir W. Hersohel, which appears scarcely to admit of doubt, 
that the solid, opaque nucleus, or globe of the sun, is invested 
with at least two atmospheres, that which is next the sun being, 
like our own, non-luminous, and the superior one being that alone 
in which light and heat are evolved ; at all events, whether these 
strata be in the gaseous state or not, the existence of two such, one 
placed above the other, the superior one being luminous, seems to 
be exempt from doubt. 

We are not warranted in assuming that the black portion of the 
spots are surfaces really deprived of light, for the most intense 
artificial lights which can be produced, such, for example, as that 
of a piece of quicklime exposed to the action of the compound 
blow-pipe, when seen projected on the sun's disk, appear as dark 
as the spots themselves ; an effect which must be ascribed to the 
infinitely superior splendour of the sun's light. All that can be 
legitimately inferred respecting the spots, tiben, is, not that they 
are destitute of light, but that they are incomparably less bnlliant 
than the general surifSetce of the sun. 

17. The prevalence of spots on the sun's disk is both variable and 
irregular. Sometimes the disk will be completely divested of them, 
and will continue so for weeks or months ; sometimes they will be 
spread over certain parts of it in profusion. Sometimes the spots 
will be small, but numerous; sometimes individual spots will 
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Rppear of vast extent ; somctiines they will be manifested in groups, 
the pennmbm or fringes being in eontaet. 

The duration of eaoh spot is also subject to great and irregular 
variation. A spot has appeared and vanished in less than twenty- 
four hours, while some have maintained their appearance and 
position for nine or ten weeks, or during nearly three complete 
revolutions of the sun upon its axis. 

A large spot has sometimes been observed suddenly to crumble 
into a great number of small ones. 

The only circumstance of regularity which can be said to attend 
these remarkable phenomena is their position upon the sun. Thev 
are invariably confined to two moderately broad zones parallel 
to the solar equator, separated from it by a space several degrees 
in breadth. The equator itself, and this space which thus separates 
the macular zones, are absolutely divested of such phenomena. 

18. Observations upon the appearances from which these infer- 
ences have been made, have been at various times made by astro- 
nomers, the most important being those of Sir William Herschel, 
Dr. Fastorff, Professor Capocci, and Sir J. Herschel, who have seve- 
rally supplied drawings of their appearance, the general similarity 
of which, made at difierent places of observation, at very different 
times, and by different observers, offers a strong evidence of their 
authenticity. 

In the figure at the head of this chapter, we have given copies 
of several of the most remarkable of these drawings. 

19. The superficial dimensions of the several groups of spots 
observed on the sun on the 24th May, 1828, including the shelving 
sides, were calculated to be as follows : — 

Square Geog. mUos. 

Group A, principal spot 928,000000 

Ditto, smaller spots 736,000000 

Gk-oupB 296,000000 

Group C 282,000000 

Group D 804,000000 

Total area ... 2496,000000 

20. Independently of the dark spots just described, the luminous 
part of the solar disk is not uniformly bright. It presents a 
mottled appearance, which may be compared to that which would 
be presented by the undulated and agitated surface of an ocean ot 
liquid fire, or to a stratum of luminous clouds of var3ring depth, 
and having an unequal surface, or the appearance produced by 
the slow subsidence of some fiocculent chemical precipitates in a 
transparent fluid, when looked at perpendicularly from above. In 
the space immediately aroimd the edges of the spots extensive 
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spaces are observed, also covered witli strongly defined curved or 
branching streaks, more intensely luminous than the other parts 
of the disk, among which spots often break out. These several 
varieties in the intensity of the brightness of the disk have been 
differently designated by the terms facules and lucules. These 
appearances are generally more prevalent and strongly marked 
near the edges of the disk. 

21. Various attempts have been made to ascertain by the direct 
test of observation, independently of conjecture or hypothesis, the 
physical state of the luminous matter wldch coats the globe of the 
sun, whether it be solid, liquid, or gaseous. 

That it is not solid is admitted to be proved conclusively by 
its extraordinary mobility, as indicated by the rapid motion of 
the edges of the spots in closing ; and it is contended that a fluid 
capable of moving at the rate of 44 miles per hour cannot be 
supposed to be liquid, an elastic fluid alone admitting of such a 
motion. 

Arago has, however, suggested a physical test, by which it 
appears to be proved that this luminous matter must be gaseous ; 
in short, that the sun must be invested with an ocean of flame, 
since flame is nothing more than agriform fluid in a state of incan- 
descence. This test proposed is based upon the properties of 
polarised light. 

It has been proved that the light emitted from an incandescent 
body in the liquid or solid state, issuing in directions very oblique 
to the surface, even when the body emitting it is not smooth or 
polished, presents evident marks of polarisation, so that such a 
body, when viewed through a polariscopic telescope, will present 
two images in complementary colours. But, on the other hand, 
no signs of polarisation are discoverable, however oblique may be 
the direction in which the rays are emitted, if the luminous matter 
be flame. 

The light proceeding from the disk of the sun has been accord- 
ingly submitted to this test. The rays proceeding from its borders 
evidently issue in a direction as oblique as possible to the surface, 
and therefore, under the condition most favourable to polarisation, 
if the luminous matter were liquid. Nevertheless, the borders of 
the double image produced by the polariscope show no signs 
whatever of complementary colours, bot^ being equally white even 
at the very edges. 

This test is only applicable to the luminous matter at or near the 
edge of the disk, because it is from this only that the rays issue 
with the necessary obliquity. But since the sun revolves on its 
axis, every part of its surface comes in succession to the edge of 
the disk ; and thus it follows that the light emanating from every 
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part of it 18 in its natural or nnpolarised state, eyen when issuing 
at the greatest obliquity ; and, oonseqnentlj, that the luminous 
matter is everywhere gaseous. 

22. All the phenomena which have been here described, and 
others which our limits compel us to omit, are considered as giving- 
a high degree of physical probability to the hypothesis of Sir W. 
Hersohel already noticed, in which the sun is considered to be a 
solid, opaque, non-luminous globe invested by two concentric 
strata of gaseous matter, the first, or that which rests immediately 
on the surface, being non-luminous, and the other, which floats 
upon the former, being luminous gas or flame. The relation and 
arrangement of these two fluid strata may be illustrated by our 
own atmosphere, supporting upon it a stratum of clouds. If such 
clouds were flame, Uie condition of our atmosphere would represent 
the two strata on the sun. 

The spots in this hypothesis are explained byoccasional openings 
in the luminous stratum by which parts of the opaque and non- 
luminous surface of the solid globe axe disclosed. These partial 
openings may be compared to the openings in the clouds of our sky, 
by which the firmament is rendered partially visible. 

23. Many circumstances supply indications of the existence of & 
gaseous atmosphere of great extent above the luminous matter 
which forms the visible surface of the sun. It is observed that the 
brightness of the solar disk is sensibly diminished towards its 
borders. This effect would be produced if it were surrounded by 
an imperfectly transparent atmosphere, whereas if no such 
gaseous mediimi surrounded it, the reverse of such an effect might 
be expected, since then the thickness of the luminous coating 
measured in the direction of the visual ray would be increased very 
rapidly in proceeding from the centre towards the edges. Thi& 
gradual diminution of brightness in proceeding towards the borders 
of the solar disk has been noticed by many astronomers ; but it 
was most clearly manifested in the series of observations made by 
Sir J. Herschel in 1837, so conclusively, indeed, as to leave no- 
doubt whatever of its reality on the mind of that eminent observer. 
By projecting the image of the sun's disk on white paper by 
means of a good achromatic telescope, this diminution of light 
towards the borders was on that occasion rendered so apparent, 
that it appeared to him Buiprising that it should ever have been 
questioned. 

But the most conclusive proofs of the existence of such an 
external atmosphere are supplied by certain phenomena observed 
on the occasion of total eclipses of the sun, which will be fully 
explained in another part of this series. 

24. The heat generated by some undiscovered agency upon the 
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Bun is dispersed through the stUTOunding space by radiation. If, aa 
may be assumed, the rate at which this heat is generated be the 
same on all parts of the siin, and if, moreover, the radiation be 
equally free and unobstructed from all parts of its surface, it is 
evident that a uniform temperature must be everywhere main- 
tained. But if, from any local cause, the radiation be more 
obstructed in some regions than in others, heat will accumulate in 
the former, and the local temperature will be more elevated there 
than where the radiation is more free. 

But the only obstruction to free radiation from the sun must 
arise from the atmosphere with which to an height so enormous it 
is surrounded. If, however, this atmosphere have everywhere the 
same height and the same density, it will present the same obstruc- 
tion to radiation, and tl^e effective radiation which takes place 
through it, though more feeble than that which would be produced 
ID its absence, is still uniform. 

But since the sun has a motion of rotation on its axis in 
25<i* 7ii* 48"*, its atmosphere, like that of the earth, must partici- 
pate in that motion and the effects of centrifugal force upon matter 
so mobile : the equatorial zone being carried round with a velocity 
greater than 300 nulesper second, while the polar zones are moved 
at a rate indefinitely slower, all the effects to which the spheroidal 
form of the earth is due will affect this fl.uid with an energy pro- 
portionate to its tenuity and mobility, the consequence of which 
will be that it will assume the form of an oblate spheroid, whose 
axis wiU be that of the sun's rotation. It will flow from the poles to 
the equator, and its height over the zones contiguous to the equator 
will be greater than over those contiguous to the poles, in a degree 
proportionate to the ellipticity of the atmospheric spheroid. 

Now, if this reasoning be admitted, it will follow that the 
obstruction to radiation produced by the solar atmosphere is 
greatest over the equator, and gradually decreases in proceeding 
towards either pole. The accumulation of heat, and consequent 
elevation of temperature, is, therefore, greatest at the equator, and 
gradually decreases towards the poles, exactly as happens on the 
earth from other and different physical causes. 

25. The effects of this inequality of temperature, combined with 
the rotation, upon the solar atmosphere, will of course be similar in 
their general character, and different only in degree from the 
phenomena produced by the like cause on the earth. Inferior 
currents will, as upon the earth, prevail towards the equator, an4 
superior counter-currents towards the poles. The spots of 
the sun would, therefore, be assimilated to those tropical regions 
of the earth in which, for the moment, hurricanes and tornadoes 
prevail, the upper stratum which has come from the equator being 
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temporarily carried downwards, displacing by its force the strata 
of luminous matter beneath it (which may be conceived as forming^ 
an habitually tranquil limit between the opposite upper and under 
ourrents)| the upper of course to a greater extent than the lower, 
and thus wholly or partially denuding the opaque surface of tiie 
sun below. Such processes cannot be unaccompanied by vortioose 
motions, which, left to themselyes, die away by degrees, and dis- 
sipate, with this peculiarity, that their lower portions come to rest 
more speedily than their upper, by reason of the greater distance 
below, as well as tiie remoteness from the poiut of action, which Hes 
in a higher region, so that their centre (as seen in our water-spouts, 
which are nothing but smaU tornadoes) appears to retreat upwards.* 

Sir J. Herschel maintains that all tlds agrees perfectly with 
what is observed during the obliteration of the solar spots, which 
appear as if filled in by the collapse of their sides, the penumbra 
closing in upon the spot and disappearing afterwards. 

It would have rendered this ingenious hypothesis still more 
satisfSactory, if Sir J, Herschel had assigned a reason why the 
luminous and subjacent non-luminous atmosphere, both of which 
are assumed to be gaseous fluids, do not aflect, in consequence of 
the rotation, the same spheroidal form which he ascribes to the 
superior solar atmosphere. 

26. It has been shown that the intensity of heat on the sim's 
surface must be seven times as great as that of the vivid ignition 
of the fuel in the strongest blast furnace. This power of solar light 
is also proved by the facility with which the calorific rays pass 
through glass. Herschel found, by experiments made with an 
actinometer, that 81*6 per cent of the calorific rays of the sun 
penetrate a sheet of plate-glass 0*12 inch thick, and that 85*9 per 
cent, of the rays which have passed through one such plate will 
pass through another, t 

27. One of the most difficult questions connected with the phy- 
sical condition of the sun, is the discovery of the agency to which 
its heat is due. To the hypothesis of combustion, or any other which 
involves the supposition of extensive chemical change in the 
constituents of the surface, there axe insuperable difficulties. 
Conjecture is all that can be offered, in the absence of all data 
upon which reasoning can be based. Without any chemical 
change, heat may be indefinitely generated either by friction or 
by electric currents, and each of these causes have accordingly 
been suggested as a possible source of solar heat and light. 
According to the latter hypothesis, the sun would be a great 
ELECTBic LIGHT in the centre of the system. 

• Herschel'a Cape Observations, p. 484. f Ibid., p. 183. 
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THE MOON. 

1. Estimated merely by its inagnitnde, the moon is among the 
most inconsiderable of the bodies which compose the Solar 
System. It has not, as will presently appear, even that interest 
which must attach to a globe adapted for the habitation of 
organised races, analogous to those for whose dwelling the earth 
has been appropriated. Nevertheless it has ever been regarded by 
mankind with sentiments of profound and peculiar interest, and 
has been invested by the popular mind with various influences, 
nflucting not only the physical condition of the globe, but also 
directly connected with the organised world. It has therefore 
been as much an object of popular superstition as of scientiflc 
observation. These circumstances are doubtless owing in some 
degree to its striking appearance in the Armament, to the various 
and rapid succession of changes of apparent form to which it is 
subject, and above all to its proximity to, and close alliance with 
our planet. We propose on the present occasion to give a general 
itcoount of its motion, magnitude, and physical condition ; and 
to explain more particularly those circumstances which lead to 
the conclusion that, unlike the planets, the moon presents none of 
the analogies to the earth which would render it at all probable or 
even possible that it can be a habitable world. 

2. It has been ascertained, that its distance is very little less 
than 240000 miles ; and since the semidiameter of the earth is 
4000 miles, it follows that the moon's distance is about sixty 
semidiamcters of the earth. The method of ascertaining this dis- 
tance differs in nothing that is essential, from that by which a 
common surveyor ascertains the distance of an object on the earth 
which is inaccessible to him. 

3. Now the least reflection will render it apparent that the 
moon must move round the earth, in a path which cannot differ 
much from a circle of which the earth is the centre. This 
follows from the fact with which every one is familiar, that its 
apparent magnitude is always nearly the same. It is, therefore, 
always at the same or nearly the same distance from the observer. 
The earth must consequently be placed in the centre of its path, 
and that path must be nearly a circle. 

4. When the distance of a visible object is determined, its 
magnitude may easily be ascertained by comparing it with any 
other object of known magnitude at a known distance. Let us 
take, for example, a halfpenny, which measures about an inch 
in diameter, and let it be placed between the eye and the moon. 
It will be found on the first trial that the coin will appear larger 
than the moon ; it will, in fact, completely conceal the moon from 
the eye, and produce what may be termed a total eclipse of that 
luminary. Let the coin be moved however further from the eye, 

84 



DISTANCE — ORBIT — MAGNITUDE. 

and it wiU apparently diminisli in size as its distance is increased. 
Let it be removed until it becomes equal in apparent magnitude to 
the moon, so that it will exactly coyer the moon, and neither more 
nor less. If its distance be then measured, it will be found to be 
about 120 inches, or 240 half inches. But it is known that the 
distance of the moon is about 240000 mUes, and consequently it 
follows in this case, that 1000 miles in the nioon's distance is 
exactly what half an inch is in the coin's distance. Now under 
the circumstances here supposed, the coin and the moon are 
similar objects of equal apparent magnitude. In fact the coin is 
another moon on a smaller acaky and we may use the coin to 
measure the moon's distance, provided we know the scale, exactly 
as we use the space upon a map of any known scale to measure a 
country. But it has been just stated that the scale is in this case 
half an inch to 1000 miles ; since, then, the coin measures two 
half inches in diameter, the moon must measure 2000 miles in 
diameter. The moon is then a globe whose diameter is about one- 
fourth of that of the earth. 

This may be rendered stUl more clear by reference to the 
annexed diagram (fig. 1), where £ is the eye, c the coin, and H the 
moon. It will be evident on mere inspection, that tiie triangle 
formed by the distance £C of the coin from the eye, and the 
diameter cc of the coin, is similar to the triangle formed by the 
distance eh of the moon from the eye and the diameter Mm of the 
moon, and that consequently the proportion of £C to cc is exactly 
the same as that of em to Mm. But as has just been stated, it is 
found that when cc exactly covers the moon, and neither more nor ^ 
less than covers it, EC is 120 times cc. It follows, therefore, that 
EM is 120 times Mm. But since it has been ascertained that em is 
240000 mUes, that is 120 times 2000 miles, it follows that Mm is 
2000 nules. 

Flg.l. 




6. While the moon moves around the earth, we find by observa- 
tions of its appearance, that the same hemisphere is always turned 
toward us. We recognise this fact by observing that the same 
marks always remain in the same place upon it. Now, in order 
that a globe which revolves around a centre should turn continu- 
ally the same hemisphere toward that centre, it is necessary that 
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it should make one revolntioii upon its axis in the time it takes so 
to reTolye. For let us suppose that, in any one position, it has 
the centre round which it revolyes north of it, the hemisphere 
turned toward the centre is turned toward the north. After it 
makes a quarter of a reyolution, the centre is to the west of it, 
and the hemisphere which was preyiously turned to the north 
must now be turned to the west. After it has made another 
quarter of a rcTolution the centre will be south of it, and it must 
be now to the south. In the same manner, after another quarter 
of a reyolution, it must be turned to the east. As the same 
hemisphere is suooessiyely turned to all the points of the compass 
in one reyolution, it is eyident that the ^be itself must make a 
reyolution on its axis in that time. 

It appears, then, that the rotation of the moon upon its axis 
being equal to that of its reyolution in its orbit, is 27 days, 7 
hours, and 44 minutes. The interyals of light and darkness to the 
inhal^itants of the moon, if there were any, would then be alto- 
gether different from those proyided in the planets ; there would 
be about 13 days of continued light alternately with 13 days of 
continued darkness ; the analogy, then, which preyaHs among the 
planets with regard to days and nights, and which forms a main 
argument in fayour of the conclusion that they are inhabited 
globes like the earth, does not hold good in the case of the moon. 

6. While the moon reyolyes round the earth, its illuminated 

Fig. 2. 




hemisphere is always presented to the sun; it therefore takes 
vaxious positions in reference to the earth. The effects of this 
are exhibited in the annexed fig. 2. Let £ s represent the direction 
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of the sun, and e the earth ; when the moon is at ir, between 
the snn and the earth, its Uluminated hemisphere being tnmed 
toward the son, its dark hemisphere will be presented toward the 
earth ; it will therefore be inyisible. In this position the moon is 
said to be in cokjitnction'. 

When it moves to the position c, the enlightened hemisphere 
being still presented to the sun, a small portion of it only is 
tamed to the earth, and it appears as a thin cresoent, as repre- 
sented at e. 

7. When the moon takes the position of a, at right angles to the 
snn, it is said to be in QUADBi^TTrRE : one half of the enlightened 
hemisphere only is then presented to the earth, and the moon 
appears halved as represented at q. 

When it arrives at the position o, the greater part of the 
enlightened portion is tamed to the earfh, and it is gibbons, 
appearing as represented at g. 

8. When the moon comes in opposmoBT to the snn, as seen at 
F, the enlightened hemisphere is tamed fall toward the earth, and 
the moon will appear fdll as at /, unless it be obsonred by the 
earth's shadow, which rarely happens. In the same manner it is 
shown that at a' it is again gibbons; at a' it is halved, and at (f 
it is a cresoent. 

If the moon or the planets be supposed to be viewed by an 
observer placed on the one side or the other of the general plane 
in which they move, they will appear to move either in the 
direction of the hands of a clock, or in the contrary direction, 
according to the side of the general plane from which they are 
seen. If the observer be supposed to be on the north side of that 
plane, their motion wiU be contrary to that of the hands of a 
dock. If he is placed on the south side of that plane, their 
motion will be in tiie direction of the hands of a dock. 

In the case represented in ^, 2, and also in the astronomical 
diagrams in the first volume of the Museum, pp. 5, 11, &c., the 
observer is supposed to be placed at the south side of the general 
plane. 

9. In order to determine whether or not the globe of the moon 
is surrounded with any gaseous envelope like ^e atmosphere of 
the earth, it is necessary first to consider what appearances such 
an appendage wou],d present, seen at the moon's distance, and 
whether any such appearances are discoverable. 

10. According to ordinary and popular notions, it is difficult to 
separate the idea of an atmosphere from the existence of douds ; 
yet to produce clouds something more is necessary than air. The 
presence of water is indispensable, and if it be assumed that no 
water exist, then certainly the absence of douds is no proof of the 
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absence of an atmosphere. Be this as it may, however, it is certain 
that there are no clouds upon the moon, for. if there were, we 
should immediately discoyer them, by the yariable lights and 
fihadows they would produce. If there be an atmosphere upon the 
moon, it is therefore one entirely unaccompanied by clouds. 

11. One of the effects produced by a distant view of an atmo- 
sphere surrounding a globe, one hemisphere of which is illumi- 
nated by the sun, is, that the boundsury, or line of separation 
between the hemisphere enlightened by the sun and the dark 
hemisphere, is not sudden and sharply defined, but is grajiual — 
the light fading away by slow degrees into the darkness. It is 
to this effect upon the globe of the earth that twilight is owiog, 
and as we shall see hereafter, such a gradual fading away of the 
sun's light is discoverable on some of the planets, upon which an 
atmosphere is observed. Now, if such an effect of an atmosphere 
were produced upon the moon, it would be perceived by the naked 
eye, and still more distinctly with the telescope. When the moon 
appears as a crescent, its concave edge is the boundary which 
separates the enlightened from the dark hemisphere. When it is 
in the quarters, the diameter of the semicircle is also that boun- 
dary. In neither of these cases, however, do we ever discover 
any gradual fading away of the light into the darkness ; on the 
contrary, the boundary, through serrated and irregular, is never- 
theless perfectly well defined and sudden. AU these circumstances 
conspire to prove that there does not exist upon the moon an 
atmosphere capable of refracting light in any sensible degree. 

But it may be contended that an atmosphere may still exist, 
though too attenuated to produce a sensible twilight. Astro- 
nomers, however, have resorted to another test of a much more 
decisive and delicate kind, the nature of which will be understood 
J, by explaining a simple principle 

of optics. When a ray of light 
E •^ passes through a transparent 

medium, such as air, water, or 
glass, it is generally deflected 
from its rectilinear course, so as 
to form an angle. A simple and 
easily-executed experiment will 
' render this intelligible. Let a 
visible object, such as a coin, be 
placed at c, in the bottom of a 
bucket. Let the eye be placed at e (fig. 3), so that the side of the 
bucket, when empty, shall just conceal the coin, and so that the 
nearest point to the coin visible shall be at A, in^ the direction of 
the line E B a. Let the bucket be now filled with water, and the 
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coin will become immediately visible ; the reason of which is, that 
the ray of light c b proceeding from the coin is bent at an angle 
in passing from the water into the air, and reaches the eye by the 
angular course c b E. Thus it appears that the coin will be visible 
to the eye, notwithstanding the interposition of the opaque side of 
the bucket. 

Let us see how this principle can be applied to the case of the 
moon's atmosphere, if such there be. 

Let m w! (fig. 4) represent the disk of the moon. Let a d 
represent the atmosphere which surrounds it. Let sm e and 
8 m' e represent two lines touching the moon at m and m', and 
proceeding towards the earth. Let 8 8 he two stars seen in the 
direction of these lines. If the moon had no atmosphere, these 
stars would appear to touch the edge of the moon at m and m% 
because the rays of light from them would pass directly toward 
the earth; but if the moon have an atmosphere, then that 
atmosphere will possess the property which is common to all 
transparent media of refracting light, and, in virtue of such pro- 
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perty, stars in such positions mb's', behind the edge of the moon, 
would be visible at the earth, for the ray «' m, a' m', in passing 
through the atmosphere, would be bent at an angle in the 
direction m e', and m' e% so that the stars s^ 8* would be visible 
at e' e'y notwithstanding the interposition of the edges of the 
moon. 

This reasoning leads to the conclusion that as the moon moves 
over the face of the firmament, stars will be continually visible 
at its edge which are really behind it if it have an atmosphere, 
and the extent to which this effect will take place will be in pro- 
portion to the density of the atmosphere. 

12. The magnitude and motion of the moon and the relative 
positions of the stars are so accurately known that nothing is 
more easy, certain, and precise, than the observations which may 
be made with the view of ascertaining whether any stars are ever 
seen which are sensibly behind the edge of the moon. Such 
observations have been made, and no such effect has ever been 
detected. This species of observation is susceptible of such extreme 
accuracy, that it ia certain that if an atmosphere existed upon the 
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moon a thousand times less dense than onr own, its presence must 
be detected. 

13. The earth's atmosphere supports a column of 30 inches 
of mercury : an atmosphere 1000 times less dense would support 
no more than the thirtieth of an inch. It may therefore be con- 
sidered as proved that the space around the surface of the moon 
is as exempt from an atmosphere as is the receiyer of a good air- 
pump after that instrument has exhausted it of air to the utmost 
limit of its power. In fine for all practical purposes it is demons- 
trated that the moon has no atmosphere. 

14. The same physical tests which show the non-existence of 
an atmosphere of air upon the moon are equally conclusive against 
an atmosphere of vapour. It might, therefore, be inferred that 
no liquids can exist on the moon's surface, since they would be 
subject to evaporation. Sir John Herschel, however, ingeniously 
suggests that the non-existence of vapour is not conclusive against 
evaporation. One hemisphere of the moon being exposed con- 
tinuously for 328 hours to the glare of sunshine of an intensity 
greater than a tropical noon, because of the absence of an atmo- 
sphere and clouds to mitigate it, while the other is for an equal 
interval exposed to a cold far more rigorous than that which 
prevails on the summits of the loftiest mountains or in the polar 
regions, the consequence would be the immediate evaporation of 
all liquids which might happen to exist on the one hemisphere, 
and the iastantaneous condensation and congelation of the vapour 
on the other. The vapour would, in short, be no sooner formed 
on the enlightened hemisphere than it would rush to the vacuum 
over the dark hemisphere, where it would be instantly condensed 
and congealed, an effect which Herschel aptly illustrates by the 
familiar experiment of the CBYOFHOBOtJS. The consequence, as he 
observes, of this state of things would be absolute aridity below 
the vertical sun, constant accretion of hoar frost in the opposite 
region, and perhaps a narrow zone of running waters at the 
borders of the enlightened hemisphere. He conjectures that this 
rapid alternation of evaporation and condensation may to sohie 
extent preserve an equilibrium of temperature, and mitigate the 
severity of both the diurnal and nocturnal conditions of the 
surface. He admits nevertheless that such a supposition could 
only be compatible with the tests of the absence of a transparent 
atmosphere even of vapour within extremely narrow limits ; and 
it remains to be seen whether the general physical condition of 
the lunar surface as disclosed by the telescope be not more com- 
patible with the supposition of the total absence of all liquid 
whatever. 

It appears to have escaped the attention of those who assimie 
40 
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the possibility of the existence of water in the liquid state on the 
moon, that, in the absence of an atmosphere, the temperature 
must necessarily be, not only far below the point of congelation 
of water, but even that of most other known liquids. Even 
within tiie tropics, and under the line with a vertical sun, the 
height of the snow line does not exceed 16000 feet, and neyer- 
theless at that elevation, and still higher, there prevails an atmo- 
sphere capable of supporting a considerable column of mercury. 
At somewhat greater elevations, but still in an atmosphere of 
very sensible density, mercury is congealed. Analogy, therefore, 
justifies the inference that the total, or nearly total, absence of air 
upon the moon is altogether incompatible with the existence of 
water, or probably any other body in the Hquid state, and neces- 
sarily infers a temperature altogether incompatible with the 
existence of organised beings in any respect analogous to those 
which inhabit ti^e earth. 

But another conclusive evidence of the non-existence of Uquids 
on the moon is found in the form of its surface, which exhibits 
none of those well understood appearances which result from the 
long-continued action of water. The mountain formations with 
which the entire visible surface is covered are, as wiU presently 
appear, universally so abrupt, precipitous, and unchangeable, as 
to be utterly incompatible with the presence of liquids. 

15. The general difiusion of the sun's light upon the earth is 
mainly due to the reflection and refraction of tiie atmosphere, 
and to the light reflected by the clouds ; and without such means 
of division the solar light would only illuminate those places into 
which its rays would directly penetrate. Every place not in full 
sunshine, or exposed to some illuminated fmrieuoe, would be 
involved in the most pitchy darkness. The sky at noon-day 
would be intensely black, for the beautifiil azure of our firmament 
in the day-time is due to the reflected colour of the air. Thus it 
appears that the absence of air on the moon must deprive the 
sun's illuminating and heating agency of nearly all its utility. 

16. K the moon were inhabited, observers placed upon it would 
witness celestial phenomena of a singular description, differing 
in many respects from those presented to the inhabitants of our 
globe. The heavens woxdd be perpetually serene and cloudless. 
The stars and planets would shine with extraordinary splendour 
during the long night of 328 hours. The inoHnation of her axis 
being only 5°, there would be no sensible changes of season. The 
year would consist of one unbroken monotony of equinox. The 
inhabitants of one hemisphere would never see the earth : while 
the inhabitants of the other would have it constantly in their 
firmament by day and by night, and always in the same position. 
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To those who inhabit the central part of the hemisphere presented 
to us, the earth would appear stationary in the zenith, and would 
never leave it, never rising nor setting, nor in any degree 
changing its position in relatiqn to the zenith or horizon. To 
those who inhabit places intermediate between the central part 
of that hemisphere and those places which are at the edge of the 
moon's disk, the earth would appear at a £xed and invariable 
distance from the zenith, and also at a fixed and invariable 
azimuth, the distance from the zenith being everywhere equal to 
the distance of the observer from the middle point of the hemi- 
sphere presented to the earth. To an observer at any of the 
places which are at the edge of the lunar disk, the eartiti would 
appear perpetually in a fixed direction on the horizon. 

The earth shone upon by the sun would appear as the moon 
does to us; but with a disk having an apparent diameter 
greater than that of the moon in the ratio of 79 to 21, and an 
apparent superficial magnitude about fourteen times greater, and 
it would consequently have a proportionately illuminating power. 

JSarth light at the moon would, in fine, be about fourteen 
times more intense than moonlight at the earth. The earth 
would go through the same phases and complete the series of 
them in the same period as that which regulates the succession 
of the lunar phases, but the corresponding phases would be 
separated by the interval of half a month. When the moon is 
full to the earth, the earth is new to the moon, and vice versd : 
when the moon is a crescent, the earth is gibbous, and vice versd. 

17. The features of light and shade would not, as on the moon, 
be all permanent and invariable. So far as they would arise from 
the clouds floating in the terrestrial atmosphere they would be 
variable. Nevertheless, their arrangement woxdd have a certain 
relation to the equator, owing to the effect of the prevailing atmo- 
spheric currents parallel to the line. This cause would produce 
streaks of light and shade, the general direction of which would 
be at right angles to the earth's axis, and the appearance of which 
would be in aU respects similar to the belts which are observed upon 
some of the planets, and which are ascribed to a like physical cause. 

18. Through the openings of the clouds the permanent geogra- 
phical features of the surface of the earth would . be apparent, and 
would probably exhibit a variety of tints according to the prevaU- 
ing characters of the soil, as is observed to be. the case with the 
planet Mars even at an immensely greater distance. The rotation 
of the earth upon its axis would be distinctly observed and its 
time ascertained. The continents and seas would disappear in 
succession at one side and reappear at the other, passing across 
the disk of the earth as carried round by the diurnal rotation. 
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19. It has long been an object of inquiry among philosophers 
whether the light of the moon has any heat, but the most 
delicate experiments and observations have failed to detect this 
property in it. A thermometer of extreme sensibility, called 
a differential thermometer, was the instnmient applied to this 
inquiry. 

This instrument consists of two glass bulbs, A and B (fig. 5), 
connected by a rectangular glass tube. In the horizontal part of 
the tube a small quantity of coloured liquid (sulphuric acid, for 
example) is placed. Atmospheric air is contained in the bulbs 
and tube, separated into two parts by the liquid. The instrument 
is so adjusted that, when the drop of liquid is at the middle of the 
horizontal tlibe, the air. in the bulbs has the same pressure ; and 
having equal volumes, the quantities at each side of the liquid are 
necessarily equal. If {he bulbs be. affected by different tem- 
peratures, the liquid will be pressed from that side at which the 

Fig. 6. 




temperature is greatest, and the extent of its departure fipom the 
zero or middle is indicated by the scale. This thermometer is 
sometimes varied in its form and arrangement, but the principle 
remains the same. Its extreme sensitiveness, in virtue of which 
it indicates changes of temperature too minute to be observed by 
common thermometers, renders it extremely valuable as an instru- 
ment of scientific research. By this instrument, changes of 
temperature not exceeding the 6000th part of a degree are 
rendered sensible. 

The light of the moon was collected into the focus of a concave 
mirror of such magnitude as would have been sufficient, if exposed 
to the sun's Hght, to evaporate gold or platinum. The bulb of 
the differential thermometer was placed in its focus, so as to receive 
upon it the concentrated rays of the moon. Yet no sensible effect 
was produced upon the thermometer. We must therefore conclude 
that the light of the moon does not possess the calorific property 
in any sensible degree. 

This result will create less surprise when the comparative 
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Intensity of sunliglit and moonlight are oonsidered. It may be 
assumed, .without sensible error, that the intensity of the son's 
light on the surface of the moon and on the earth is the same ; it 
follows from this, that supposing no light whatever to be absorbed 
by the moon, but the entire light of the sun to be reflected from 
its surface imdiminished, the intensity of moonlight at the earth 
would bear to the intensity of sunlight the same proportion as the 
magnitude of the moon bears to the magnitude of the entire 
firmament, that is, the proportion very nearly of 1 to 300000 ; 
but there is no reflecting surface, however perfect, which does not 
absorb the light incident upon it in a very considerable degree, 
and the rugged surface of the moon must be a most imperfect 
reflector. It may then be considered as demonstrated that the 
intensity of moonlight is much more than 300000 times more 
feeble than that of sunlight. We shall not, then, be surprised at 
the absence of its heating power. 

But if the rays of the moon be not warm, the vulgar impression 
that they are cold is equally erroneous. We have seen that they 
produce no eflect either way on the thermometer. 

20. Curiosity will doubtiess be awakened in a very lively 
manner regarding the physical condition of our moon : what part 
has the Maker of the solar system destined this body to play in 
the economy of His creation ? Is it a globe teeming with life and 
organisation like the earth ? Is that orb, which rolls ia silent 
majesty through the midnight firmament, the abode of life and 
intelligence P The beauty of her appearance naturally leads the 
mind to conjectures of this kind. Yet the circumstances which 
I have imfolded regarding the total absence of air and water 
appear to exclude the possibility of any such supposition. How, 
may it be asked, can it be conceived that a globe can have upon 
it an organised world which is destitute of fiuid matter in every 
form ? How can growth, which implies gradual change, increase, 
and diminution, and all the various effects in which fluidity is an 
agent, go on there P How can they proceed upon such a solid, 
arid, unchangeable, crude mass P Let it be remembered what a 
multitude of purposes in our natural and social economy are sub- 
served by the combination of the water and the atmosphere of our 
globe. None of these purposes can be fulfilled upon the moon. 
Perhaps, however, our notions on such questions maybe cleared up 
to some extent by a careful examination of the fiEusts that scientific 
research has collected respecting the physical condition of the 
surface of our satellite. 

21. If, when the moon is a crescent, we examine with a tele- 
scope, even of moderate power, the concave boundary which is 
that part of the lunar surface where the enlightened hemisphere 
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ends and the dark hemispliere begins, we shall find that it is not 
an even and regular curre, which it undoubtedly would be if the 
surface of the globe of the moon were smooth and reg^ilar, or 
nearly so. If, for example, the lunar surface resembled in its 
general characteristics that of our globe; granting the total 
absence of water, and that the entire surface is land, but that land 
had the general characteristics of the continents of the globe of 
the earth ; then I say, that the inner boundary of the lunar cres- 
cent would still be a regular curve, broken or interrupted only at 
particular points. Where great mountain ranges, like those of 
the Alps, the Andes, or the Himalaya, might chance to cross it, 
these lofty peaks would project yastly-elongated shadows along 
the adjacent plain ; for it will be remembered that, being situated 
at the moment in qnestion at the boundary of the enlightened and 
darkened hemispheres, the shadows would-be those of evening 
and morning; which are prodigiously longer than the objects 
themselves. The effects of these would be to cause gaps or 
irregularities in the general outline of the inner boxmdary of the 
crescent ; with these rare exceptions, the inner boundary of the 
crescent produced by a globe like the earth would be an even and 
regular curve. 

Such, however, is not the case with the inner boundary of the 
lunar crescent, even when viewed 
by the naked eye, and stiU less 
so when magnified by a telescope. 
It is found, on tiie contrary, 
rugged and serrated, and bril- 
liantly illuminated points are seen 
in the dark parts at some distance 
from it, while dark shadows of 
considerable length appear to 
break into the illuminated sur- 
face. The inequalities thus ap- 
parent indicate singular cha- 
racteristics of the surface. The 
bright points seen within the dark 
hemisphere are the peaks of lofty 
mountains tinged with the sun's 
light. They are in the condition 
with which all travellers in Alpine 
countries are familiar ; after the 
sun has set, and darkness has set in over the valleys at the foot of 
the chain, the sun still continues to illuminate the peaks above. 
The sketch (fig. 6), of the lunar crescent, will illustrate these 
observations. 
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22. The visible hemispliere of our satellite has, within the 
last quarter of a centiuy, been subjected to the most rigorous 
examination which tmwearied industry, aided by the vast im- 
provement which has been effected in the instruments of telescopic 
observation, rendered possible ; and it is no exaggeration to state 
that we now possess a chart of that hemisphere, which in 
accuracy of detail far exceeds any similar representation of the 
earth's surface. 

Among the selenographical observers, the Prussian astronomers, 
MM. Beer and Madler, stand pre-eminent. Their descriptive 
work, entitled " Der Monde," contains the most complete collec- 
tion of observations on the physical condition of our satellite, and 
the chart, measuring 37 inches in diameter, exhibits the most 
complete representation of the lunar surface extant. Besides this 
great work, a selenographio chart was produced by Mr. Russel, 
from observations made with a seven-foot reflector, a similar 
delineation by Lohrmann, and, in flne, a very complete model 
in relief of the visible hemisphere by Madame Witte, a Hanove- 
rian lady. 

23. The surface of the visible hemisphere is thickly covered 
with mountainous masses and ranges of various forms, magigl- 
tudes, and heights, in which, however, the prevalence of a 
circular or crater-like form is conspicuous. The various tints of 
white and gray which mark the lineaments observed upon the 
disk arise partly from the different reflecting powers of the matter 
composing different parts of the lunar surface, and partly from 
the different angles at which the rays of the solar light are incident 
upon them. The more intensely white parts are mountains of 
various magnitude and form, whose height, relatively to the 
moon's magnitude, greatly exceeds that of the most stupendous 
terrestrial eminences ; and there are many characterised by an 
abruptness and steepness which sometimes assume the position of 
a vast vertical wall, altogether without example upon the earth. 
These are generally disposed in broad masses, lying in close con- 
tiguity, and intersected with vast and deep valleys, gullies, and 
abysses, none of which, however, have any of the characters which 
betray the agency of water. 

24. There are circular areas, varyiag from 40 to 120 miles in 
diameter, enclosed by a ring of mountain ridges, mostly con- 
tinuous, but in some cases intersected at one or more points by vast 
ravines. The enclosed area is generally a plain on which moun- 
tains of less height are often scattered. The surrounding circular 
ridge also throws out spurs, both externally and internally, but 
the latter are generally shorter than the former. In some cases, 
however, internal spurs, which are diametrically opposed, unite 
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in the middle so as to cut in two the enclosed plain. In some rare 
cases the enclosed plain is nnintemipted by mountains, and it is 
almost invariably depressed below tiie general level of the sur- 
rounding land. A few instances are presented of the enclosed 
plain being convex. 

The mountainous circle enclosing these vast areas is seldom a 
single ridge. It consists more generally of several concentric 
ridges, one of which, however, always dominates over the rest, 
and exhibits an unequal summit, broken by stupendous peaks, 
which here and there shoot up from it to vast heights. Occasionally 
it is also interrupted by smaller mountains of the circular form. 

25. The most remarkable of the class of lunar mountaios, caUed 
ring mountains, is that called Ttcho. This object is distinguish- 
able without a telescope on the lunar disk when full ; but, owing 
to the multitude of other features which become apparent around 
it in the phases, it can then be only distinguished by a perfect 
knowledge of its position, and with a good telescope, llie enclosed 
area, which is very nearly circular, is 47 miles in diameter, and 
the inside of the enclosing ridge has the steepness of a wall. Its 
height above the level of the enclosed plain is 16000 feet, and 
above that of the external regions 12000 feet. There is a cen- 
tral mountain, having the height 4700 feet, besides a few lesser 
hills within the enclosure. 

This region of the moon is represented in the engraving 
at the head of this tract, copied and reduced from the chart 
of MM. Beer and Madler. The volcanic character observed 
in the mountain formations loses much of its analogy to like 
formations on the earth's surface when higher magnifying powers 
enable us to examine the forms of what appear to be craters, and 
to compare their dimensions with even the most extensive terres- 
trial craters. Numerous examples may be produced to illustrate 
this. Tycho, which, viewed under a moderate magnifying power, 
appears to possess in so eminent a degree the volcanic character, 
is, as has been stated, a circular chain enclosing an area of 47 
miles in diameter. Gassendi, another system of like form, and of 
stiU more stupendous dimensions, as seen with high magnifying 
powers, consists of two enormous circular chains of mountains, the 
lesser, which lies to the north, measuring 16J miles in diameter, 
and the greater, lying to the south, enclosing an area 60 miles 
in diameter. The area enclosed by the former is therefore 214, 
and by the latter 2827 square miles. The height of the lesser 
chain is about 10000 feet, while that of the greater varies from 
3500 to ^000 feet. The vast area thus enclosed by the greater 
chain includes, at or near its centre, a principal central mountain, 
having eight peaks and an height of 2000 feet, while scattered 
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oyer the sniroimdmg endosare up-wards of a hundred mountains 
of less considerable deyation have been oonnted. 

It is easy to see how little analogy to a terrestrial yoleanic crater 
is presented by tiiese dharaoters. 

26. In the work of Beer and Madler a table of the heights of 
aboye 1000 mountains is giyen, seyeral of whioh attain to an eleya- 
tion of 23000 feet, equal to that of the highest summits of terres- 
trial mountains, while the diameter of the moon is little more than 
a fourth of that of the earth. 

27. By means of the great reflecting telescope of Lord Bosse, 
the flat bottom of the crater called Albategnius is distinctly seen 
to be strewed with blocks, not yisible with less powerful instru- 
ments; while the exterior of another (Aristallus) is intersected with 
deep gullies radiating from its centre. 

28. In fine, the entire geographical character of the moon, thus 
ascertained by long-continued and exact telescopic suryeys, leads 
to the conclusion that no analogy exists between it and the 
earth which would confer any probability on the conjecture 
that it fulfils the same purposes in the economy of the Uniyerse, 
and we must infer that whateyer be its uses in the solar system, 
or in the general purposes of creation, it is not a world inhabited 
by organised races> such as those to which the earth is appro- 
priated. 
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THE PLANETS: 

ARE THEY INHABITED WORLDS? 



CHAPTER I. 

1.— Aspect of the firmament. — 2. Direct evidence on this question not 
obtained by the telescope. — 3. Telescope diminishes distance. — 
4. Eyidence from analogy extremely cogent. — 5. Consideration of the 
terrestrial planets. — 6. Circumstances which render the earth 
habitable. — 7. like circumstances to be looked for in the planets. — 
8. Similarity of position and motion of terrestrial planets. — 9. Uni- 
formly supplied with light and heat. — 10. Objection of inequality of 
distance answered. — 11. By the effect of atmosphere. — 12. Different 
degrees of light on the planets. — 13. Structure of the eye. — 14. Its 
adaptation to different distances. — 15. Adaptation of strength of 
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organifled ereatnres to their weigkt. — ^16. Adaptation of the rotatian 
of the earth to this organisatioa. — 17. Floral dock of Limuena. — 

18. ^me of rotation not the oonaeqnenoe of a physical law. — 

19. Botation of the other planets.— 20. Of Mars.— 21. OfVennsand 
Herenry. — ^22. Their close analogy to the earth. — ^28. Inclination of 
the earth's axis. — 24. Prodttoes the seaaons.— 25. like proyision in the 
other planets— 28. The Atmoaphere. 

1. Whxk we walk abroad on a clear starlight night, and direct 
our view to the aspect of the heavens, there are certain reflections 
which will present themselves to every meditative mind. Are 
those shining orbs, which in such countless numbers decorate the 
firmament, peopled with creatures endowed like ourselves with 
reason to discover, with sense to love, and with imagination to 
expand to their boundless perfection the attributes ot Him of 
^ whose fingers the heavens are the work?" Has He, who 
''made man lower than the angels to crown him** with the glory 
of discovering that light in which He has " decked himself as 
with a garment," also made other creatures with like powers 
and like destinies, with dominion over the works of His hands, 
and having all things put in subjection under their feet? 
And are those resplendent globes which roll in silent majesty 
through the measureless abysses of space, the dwellings of such 
beiugs ? These are inquiries against which neither the urgency 
of business nor the aUurements of pleasure can block up the 
avenues of the mind. 

2. Those whose information on topics of this nature is most 
superficial, would be prompted to look immediately for direct 
evidence on these questions ; and consequently to appeal to the 
telescope. Such an appeal would, however, be fruitless. Vast 
as are the powers of that instrument it still falls infinitely short 
of the ability to give direct evidence on such inquiries. "What 
will a telescope do for us in the examination of any of the 
heavenly bodies, or indeed of any distant object ? It will accom- 
plish this, and nothing more ; it will enable us to behold it, as 
we should see it at a lesser distance. But, strictly speaking, it 
cannot accomplish even this : for to suppose it did, would be to 
ascribe to it all the admirable optical perfection of the eye; 
for that instrument, however nearly it approaches the organ 
of vision, is still deficient in some of the qualities which have 
been conferred upon the eye by its Maker. 

3. Let us, however, assume that we resoft to the use of a 
telescope having such a magnifying power, for example, as a 
thousand : what would such an instrument do for us ? It would 
in fact place us a thousand times nearer to the object that we are 
desirous to examine, and thus enable us to see it aa we should at 
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that diminished distance without a telescope. Such is the extent 
of the aid which we should derive from the instrument. Now, 
let us see what this aid would effect. Take, for example, the case 
of the moon, the nearest body in the universe to the earth. The 
distance of that object is about 240,000 miles ; the telescope 
would then place us at 240 miles from it. Could we at the 
distance of 240 miles distinctly, or even indistinctly, see a man, a 
horse, an elephant, or any other natural object 1 Could we 
discern any artificial structure ? Assuredly not ! But take the 
case of one of the planets. When Man is nearest to the earth, 
its distance is about 50,000000 of miles. Such a telescope would 
place us at a distance of 50,000 miles from it. What object could 
we expect to see at 50,000 miles* distance ? The planet Venus, 
when nearest the earth, is at a distance something less than 
30,000000 of miles, but at that distance her dark hemisphere is 
tui^ed towards us ; and when a considerable portion of her 
enlightened hemisphere is visible, her distance is not less than 
that of Mars. All the other planets, when nearest to the earth, 
are at much greater distances. As the stars lie infinitely more 
remote than the most remote planet, it is needless here to add 
anything respecting them. 

4. It is plain, that the telescope cannot afford any direct evidence 
on the question whether the planets, like the earth, are inhabited 
globes. Tetf although science has not given direct answers to 
these questions, it has supplied a body of circumstantial evidence 
bearing upon them of an extremely interesting nature. Modem 
discovery haA collected together a mass of facts connected with 
the position and motions, the physical character and conditions, 
and the parts played in the solar system by the several globes of 
which that system is composed, which forms a body of analogies 
bearing on this inquiry, even more cogent and convincing than 
the proofs on the strength of which we daily dispose of the 
property and lives of our fellow-citizens, and hazard our own. 

5. We shall first consider this interesting question so far as 
relates to the group of planets, which from .several striking 
analogies which they bear to our own, have been called the 
terrestrial planets. These planets, in number three, and by 
name Mercury, Venus, and Mars, revolve with the earth around 
the sun, at distances from that luminary less in a great proportion 
than the other members of the solar syucem. We shall next 
extend the same inquiries to the other bodies composing that 
system, as well as to those which are distributed through the 
more distant regions of the universe. 

6. In considering the earth as a dwelling-place suited to man 
and to the creatures which it has pleased his Maker to place in 
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subjection to him, there is a mutual fitness and adaptation 
observable among a multitude of arrangements "which cannot be 
traced to, and which indeed obviously cannot arise from, any 
general mechanical law by which the motions and changes of 
mere material masses are governed. It is in these conveniences 
and luxuiies with which our dwelling has been so considerately 
furnished, that we see the beneficent intentions of its Creator 
more immediately manifested, than by any great physical or 
mechanical laws, however imposing or important. If— having a 
due knowledge of our natural necessities— of our appetites and 
passions — of our susceptibilities of pleasure and pain — in fine, of 
our physical organisation — ^we were for the first time introduced 
to this glorious earth with its balmy atmosphere — ^its pure and 
translucent waters — ^the life and beauty of its animal and vege- 
table kingdoms — ^with its attraction upon the matter of our own 
bodies just sufficient to give them the Requisite stability, and 
yet not so great as to deprive them of the power of free and 
rapid motion — ^with its intervals of light and darkness, giving an 
alternation of labour and rest nicely corresponding with our 
muscular powers — ^with its grateful succession of seasons and its 
moderate variations of temperature so justly suited to our 
oiganisation : with all this fitness before us, could we hesitate to 
infer that such a place must have been provided expressly for our 
habitation? ^ 

7. If, then, the discoveries ot science disclose to us in each 
planet, which, like our own, rolls in regulated periods round the- 
sun, provisions in all respects similar — if they are proved to be 
similarly built, ventilated, warmed, illuminated, and furnished — 
supplied with the same alternations of light and darkness by the 
same expedient— with the same pleasant succession of seasons 
— ^the same diversity of climates — ^the same agreeable distri- 
bution of land and water — can we doubt that such structurea 
have been provided as the abodes of beings in all respects re- 
sembling ourselves? The strong presumption raised by such 
analogies is converted into a moral ceitainty, when it is showa 
from arguments of irresistible force that such bodies are the. 
creation of the same Hand that raised the round world and 
launched it into space. Such, then, is the nature of the evidence 
which science offers on this interesting question. Let ua 
endeavour to strip it of such technical forms of language and 
reasoning as are intelligible only to the scientific, and to present 
it so as to be easily and agreeably comprehended. 

8. If we look at a plan of the solar system, but more especially 
of that part of it to which we desire now more particularly to call 
the attention of the reader, the first glance will impress us witk 
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the idea that the eaHh is only on individual of a class of worlds of- 
which the three other planets are members. Look at the 
annexed plan, fig. 1, which represents the relative posit ions 
of these planets in their courses round the sun. The position 
of Mercury is represented at M, that of Venus at V, that of 
the Earth at E, and that ot Mars at M'. The circles represent 
the paths in which they severally move in going round the 
sun, which is represented radiating its light and heat from the 
common centre. 

Fi«.l. 




These four bodies are globular in their forms, and not extremely 
different in their magnitudes. They move round the sun as a 
common centre in circular orbits, as indicated in the plan^ and 
nearly in the same plane. 

Now the impression is irresistible that these four globes are 
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bodies of the same class ; but let lu see the purposes in the eco- 
nomy of nature which are fulfilled by this common character 
given to the motions of these planets and the position of the sun. 

9. We find, upon considering the qualities of organised bodies^ 
and especially of the species of the animals and vegetables upon 
the earth, that the maintenance of their physical well-being i& 
essentially dependent on the uniformity and regularity with which 
they are supplied with the two great physical principles of light 
and heat. Should these, or either of them, be subject to any 
extreme variations, such vicissitudes would be incompatible with 
the organisation of the species. There is a cold on one hand and 
a heat on the other, under which no organised body could continue 
to exist, and there are still narrower limits within which it is 
necessary to confine the temperatures they are exposed to, in order 
to secure the perfection of their physical health. There are also 
degrees of light, the intensity of which would be incompatible 
with the continued perfection of the organs of vision. 

Seeing then how essential to the well-being of the creature* 
that people this globe an uniform supply of light and warmth 
is, we are naturally led to examine the expedient by which this 
necessary provision has been secured to them. If we had a fire 
in our neighbourhood which at once supplied light and heat, 
and that circumstances obliged us continually to shift our 
position in relation to it, how should we move so as to receive an 
uniform degree of illumination and warmth from it ? Could we 
move in any other path than that of a circle around the fire as 
a centre, keeping thereby always at the same distance from it ? 
Now this is exactly the path in which the earth moves, as repre- 
sented in the plan ; and we find that the three other planets 
severally also move in circles, each keeping continually at the 
same distance from the common fountain of light and heat.* 

10. Since this motion in the case of the earth is an expedient 
whereby an important end is attained, analogy justifies the 
conclusion that it is to be regarded likewise as the expedient 
for the attainment of a similar end in each of the planets. But it 
YflU probably be said that the planets are at dilferent distances 
from the sun : therefore, that although it must be admitted that 
each planet (considered per se) is supplied uniformly with light 

* The paths of the planets in moving round the sun when snhmitted to 
extremely accurate examination prove to be oval in their form, but their 
departure fix)m the circular form is so very minute, that if such an orbit 
were described in its proper proportions on paper, it would be indistin- 
guishable from a circle. For all the purposes of the argument here 
advanced, the paths of the planets may, therefore, be taken to be concentric 
circles with the sun in the common centre. 
6 
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and warmth by this circular motion ; yet the intensity of these 
principles to which they severally are exposed, comparing one 
with another, is so extremely different as to destroy all analogy 
between them. 

11. In answer to this, we are, however, to consider that the 
influence of light and heat upon a planet does not depend solely 
on its distance from the sun. The heat, as is well Imown, pro- 
duced by the solar rays, depends on the density of the air which 
surrounds the objects affected by it. Thus we find the tempe- 
rature, at great elevations in our own atmosphere, considerably 
lower than at the mean surface of our globe ; because at these 
elevations the air becomes so thin as to be incapable of collecting 
and retaining the sun's heat. We can, therefore, easily imagine, 
provided the existence of planetary atmospheres be conceded, 
that their densities have been so regulated, that the nearest 
planets to the sun, which receive the greatest intensity of its 
rays, may not, after all, be subject to a greater temperature than 
the most remote ones, which are exposed to the least intensity 
of its rays : just as we find that the temperature of the summits 
of lofty mountains at the tropics is as low as the temperature of 
some of the polar latitudes. It is plain, then, how the effects of 
the various distances of the planet from the sun may be equalised 
and compensated. The means of accomplishing this are provided 
in the foi'm of atmospheres, as we shall presently see. 

12. But let us turn to the consideration of the solar light. The 
intensity of the sun's light varies with his distance exactly in the 
same proportion as that of his heat ; and the brightness of the 
day in each of the planets would be in the exact proportion of 
the apparent magnitudes of the sun as seen from them severally. 
Now, it is evident, that as we approach any object, its visual 
magnitude increases, and, as we recede from it, its visual 
magnitude diminishes. A balloon seen at the place from which 
it makes its ascent appears of vast dimensions. Seen at a great 
height in the air, it is diminished to a mere spot. Looking from 
the summit of the cli£& of Dover, Edgar says to Kent-^ 

Half way down 
Hangs one that gathers samphire ; dreadful trade t 
Methinks, he seems no bigger than his head: 
The fishermen, that walk upon the beach, 
Appear like mice ; and yon' tall anchoring bark, 
Piminiah'd to her cock ; her cock, a buoy 
Almost too small for sight. 

Knowing the relative distances of Mercury, Venus, the Earth, 
and Mars from the sun, nothing is more easy than to ascertain 
by calculation the relative apparent magnitudes of the sun, as 
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Fig.S. 



aeen from them severally ; since the appftrent diameter must 
decrease in exactly the same proportion as the distance from 
the sun increases, and vice vend. In this way we find that 
the sun, as seen from the four planets, has the relative magni- 
tudes shown in ^g, 2, where £ heing taken to represent the 
disc of the sun, as seen from the Earth, M will be its disc as 
seen from Mercury, Y, as seen from Yenus, and M', as seen 
from Mars. 

The brightness of the sun's light at Mercury will be greater 
than at the Earth, in the same proportion, as M is greater than 
£, and its light at Mars will be less bright 
than at the Earth, in the same ratio as that 
in which M' is less than R It might, there- 
fore, be concluded that the light at Mars 
would be too feeble, and the light at Mercury 
too intense for vision. 

13. A slight consideration of the structure 
and functions of the eye will, however, 
demonstrate how easily such difficulties may 
be removed. The perception of light which 
any creature possessing that organ acquires, 
depends (casteris paribus) upon the mag- 
nitude of the circular aperture or foramen, 
in front of the eye, called the pupil, which 
has, externally, the appearance of a circular 
black spot ; but which is, in reality, a cir- 
cular hole through which the light is 
admitted to the interior of the chamber 
of vision, there to affect the membranous 
coating. which transmits its influence to the 
brain and causes the sensation. 

This will be better understood by refer- 
ence to the annexed figures, 3 and 4, the 
former representing the external form and appearance of 
the eye, and the latter a section of the eye-ball, made in a 
horizontal plane through the dotted line A R The line P 
(fig. 3), points to the pupil, I to the iris, a coloured ring 
surrounding the pupil ; and W to the white of the eye. In 
fig. 4, F points to the pupil, I to the iris, and N and O to a 
membranous coat full of nerves and blood-vessels which lines the 
inside of the eye-balL The light, entering from M G through 
the pupil, and passing through the internal humours of the eye, 
which are perfectly transparent, strikes on that membranous 
coating and acts upon it in such a manner as to produce a 
perception. The apparent brightness of the light will obviously 
8 
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depend on the quantity which enters the eye through the papil, 
and the sensLtiyeneaa of the membranouB ooating on which 
it acts. 

Fig.a 




14. If, then, the pupils of eyes on Venus or Mercury were 
'Smaller, and those on Mars larger, in the same proportion as £ 
is smaller than V and M (fig. 2), and lai^er than M', the mem- 
branous coating haying the same sensibility, the apparent 
brightness of the solar light would be the same to all of them. 
Or supposing the pupils of the eyes to have the same magnitude, 
-a like effect would be produced by imparting to the membranous 
coatings different degrees of sensibility, the sensibility on Venus 
and Mercury being less, and on Mars greater, than those of the 
-eyes upon the Earth. 

15. In considering the powers of locomotion and strength con- 
ferred upon animals on the earth, we find that they have certain 
limitations ; that animals are capable of exercising these powers 
for certain periods, varying, it is true, among individuals, but* 
still in the main comprised within certain narrow limits. We 
&d that after the lapse of certain intervals, bodily repose is 
wanted. But besides the disposition to activity and locomotion 
and the alternate want of rest, animals in general have also 
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other wants and capabilities of enjoyment which are periodical. 
Thus they are capable of wakefulness for certain periods, after 
which recurs the physical want of sleep. Now upon a general 
survey of the creation, it is found that the average period which 
must regulate the intervals of labour and rest, of wakefulness 
and sleep, corresponds in the main with that which regulates the 
alternations of light and darkness. 

In the vegetable kingdom we find prevailing also periodical 
functions, certainly not so obvious and apparent, but not on that 
account the less interesting, which are ascertained to have the 
same close alliance with the period that regulates the returns of 
light and darkness. Plants undergo certain changes and suffer 
certain effects, in the presence of solar light, which are different 
from, and in some respects contrary to, those which they undergo 
in its absence. These changes are essential to the vegetable 
health of the creature ; without them the tribes of plants would 
be extinct 

16. The duration of these operations is just as essential as 
their alternations. light must be present a certain time, and 
neither more nor less ; and its absence must be equally regulated 
by limits, otherwise the plant must perish. There is, then, it is 
evident, an essential relation between the functions and quiilities 
of the vegetable kingdom — between the power of activity, the 
susceptibility of enjoyment and the physical wants of animals, 
and the periods which separate light from darkness ; but what 
are those periods ? What is the mechanical expedient to which 
He has resorted to accomplish His inscrutable purposes, who 
divided the light from the darkness, and "mw that it was goocr% 
Nothing can be more simple. Nothing can be more beautifuL 
Nothing can be more admirably perfect. While the globe of 
the earth makes its annual course round the sun, it has at the 
same time a spinning motion, on a certain diameter, as an axis, 
in virtue of which it successively exposes all parts of its sur£iee 
to the light and warmth of the sun. Each complete rotation is 
accomplished in the interval which we call twenty-four hours. 
All points on our earth are alternately exposed to and with- 
drawn from the solar light. The earth, in its annual movement 
round the sun, is represented in Fig. 5. It will be seen that one 
hemisphere is shone upon by the sun while the other is dark. 
But as the globe revolves on its axis once in twenty-four hours, 
each side is successively exposed to the sun*s light and heat^ 
fbr average intervals of twelve hours. 

The culinary process of turning meat by a string or on a spit^ 
successively exposing every side to the heat of the fire, is a 
homely illustration of this expedient. 
10 



DAYS AND NIGHTS. 

Now when we reflect on the correspondence between theee 
intervala and the indispensable wants of all organised creatures, 
can we for a moment doubt that the earth was made to turn 
upon its axis in that particular time rather than any other, 
because it was more conducive than otherwise to the well-being 
of the countless myriads of species, the production of the^Divine 
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band, for whose enjoyment the earth was made ? Had the time 
of rotation been materially less than it is, our periods of activity 
and labour would be too short to prepare us for the return of 
darkness, and had the time of rotation been greater, we should 
have needed rest befone the return of the natural epoch designed 
for it As it is, the natural vicissitudes are nicely adapted to 
our wants; and yet our organisation is in no way connected 
physically with the rotation of the earth, by any relation of the 
nature of cause and effect, and to suppose such an adaptation 
fortuitous, would be an outrage upon all principles of probability. 
This mutual fitness is, then, another of the many proofs which 
offer themselves that the earth as a dwelling, and man as a 
dweller, have been expressly designed each for the other. 

17. Many examples may be given of this correspondence between 
the time of rotation of the earth upon its axis and the periodical 
functions of the organised world. Linnasus proposed the use of 
what he termed a floral dodf which was to consist of plants 
which opened and closed their blossoms at particular hours of 
the day. Thus, the day-lily opens at five in the morning, the 
common dandelion at six, the hawk-weed at seven, the marigold 
at nine, and so on; the closing of the blossoms marking 
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eorresponcliDg hours in the aftemoon. Nor can this be regarded 
as a specific effect of light npon the plants, for when the flowers 
are introduced into a dark chamber they are found to open and 
dose their blossoms at the same times. 

18. The necessity of maintaining a correspondence between the 
intervals of activity and repose, the taking of food, &c., and the 
period of light and darkness, was shown in the case of voyages 
made to the north pole, where navigators attained those latitudes 
in which the sun never rises for several weeks, in which cases it 
was found necessary to make the crews of the ships adhere to 
the habit of retiring at nine o*clock and rising at a quarter before 
six. Under these circumstances they enjoyed a slate of salubrity 
very remarkable, notwithstanding the trying seyerity of climate 
to which they were exposed. 

As an example of creative beneficence the rotation of the earth 
in twenty-four hours would lose none of its force if that par- 
ticular period, like the time of its revolution round the sun, 
were a necessary consequence of an established physical law. 
It is interesting, nevertheless, to observe that such is not the 
case. No law of matter would have prevented the earth from 
receiving any other rate of rotation more or less rapid. It 
might have made a single rotation a month, in which case the 
average alternations of d^y and night would have been a fort- 
night, or it might have m&de a single rotation in an hour, in 
which case the alternations would have been thirty minutes. 
Such conditions though physically admissible, would be obviously 
incompatible with the continuance of the organised world. We 
are, then, to regard this period of diurnal rotation of the earth 
and its admirable adaptation to the wants and well-being of the 
creatures which inhabit it, not as the I'esult of any law of 
physics, but as a provision directly emanating from divine 
beneficence, and as an example of the infinite skill of the hand 
which at the moment of its creation launched the earth into 
space. 

19. Seeing then, — that the expedient of making the globe of the 
earth turn upon its axis in twenty-four hours is one productive 
of such multifarious benefits, and so intimately related to the 
organised species of our globe, that were it to turn otherwise 
than it does, in a greater or less time, an entire derangement 
of the animal or vegetable economy would ensue, — ^it becomes an 
interesting question to ascertain whether the other planets are 
provided with a similar expedient ; and if so, to what extent 
the application of such expedient corresponds with the case of 
the earth. We accordingly find that all the planets without 
exception have a motion of rotation on certain diameters as 
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an axis, while they make their periodical revolutions round 

the sun, and that the diameter on which they so rotate has 

been selected in such a manner as to secure to each of them 

regular alternations of light and darkness in every part of their 

surfaces; in fact, they, like the earth, have days and nights. 

But are those days and nights regulated by the same intervals 

as ours 1 for that is an important 

question ; such intervals being as . ^* 

we have shown, a key to the 

organisations and functions of the 

creatures upon them respectively. 

20. When a telescope of ade- 
quate power is directed to the 
planet Mars, it is observed that 
the surface of his disc is diversi- 
fied by certain features of light 
and shade like that of the moon. 

. Some of these lights and shadows 
are shifting and variable, but 
most of them are permanent and 
unalterable. In fig. 6, a view of 
these permanent lineaments as they are presented in a certain 
aspect is given, taken from a telescopic drawing of the planet, 
made by M. Madler, the celebrated Prussian observer. 

Now if these outlines of light and shade be watched for some 
hours, they will be observed to be carried slowly from one side 
of the disc to the other. Each of these will in succession dis- 
appear at one side, others coming into view at the other, and 
after an interval of about twelve hours, the marks which disap- 
peared at one side will be found to re-appear at the other, and 
this goes on continually. 

It is scarcely necessary to say that those are the effects of the 
rotation of the planet on its axis, and since the same features 
after disappearing at one side always return to the same precise 
position on the disc after an interval of 24h. 37m. 22s., it follows 
that the planet turns upon its axis in that interval. 

21. By means very nearly similar strong reasons have been 
found for concluding that the globe of Yenus turns on its 
axis in 23h. 21m. 21s., and that of Mercury in 24h. 5m. 

22. Thus it appears that these three planets, not only have 
days and nights, but that these days and nights are for all practical 
purposes similar to those of the Earth. They are regulated by 
the same average duration ; and He that gave them those alter* 
nations has seen it good to ^* divide the light from the darkness ** 
after the same fashion. 

13 
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I^ tbeDy the duration of our dajB and nights be eyideotlj 
regcJated with a view to the accommodation and well-being of 
the organised ereatores to which the earth has been appropriated^ 
we are sorely warranted by all analogy in concluding tiiat the 
adaptation of the same expedients in the planets Mercury, Yenus, 
and Mars, has been directed to the same beneficent pnixMees, 
and that the creatures npon them, as upoa the earth, are so 
organised as to require the same intervals of labour and rest, of 
activity and repose, of wakefulness and sleep. 

23. In considering the expedient by which days and nights are 
secured to the planets, it is interesting to contemplate the parti« 
cular position of the diameters on which they have been made 
to turn. There are a great variety of different diameters upon 
which the earth might have spun while it revolves round the 
sun. It might, for example, have turned on a diameter at right 
angles to its annual orbit. K such had been the case we should 
have had equal days and nights throughout the entire year, and 
at every part of the earth. 

If its axis, as it might have been, had been in the plane of 
its annual orbit, the sun would have been constantiy above 
the horizon for an interval of several weeks in summer, and con- 
stantly below it for a like interval in winter. The duration of 
these intervals of incessant light and incessant darkness would 
have varied in different parts of the earth, increasing with the 
latitude. No diurnal altematious of light and darkniwa would 
take place except for a short interval before and afler the 
equinoxes. 

It is not necessary to enlarge upon the consequences of such 
an arrangement, to render it apparent that they would be utterly 
incompatible with the well-being, and perhaps even with the 
maintenance, of the organised world. 

In the first of the cases here supposed, we should have been 
deprived of the seasons and of the means of maintaining a con- 
venient chronology, and in both cases we should be stripped 
of many of the benefits and utilities arising from the present 
arrangement. 

24. But, between these extreme possible positions of the axis 
of rotation, there are an infinite variety which would have been 
nearly as unsuitable. Had the axis leaned down nearly to the 
ecliptic, consequences would have ensued almost as fatal as 
those which a position in the plane of the ecliptic would have 
inferred. We find, however, in fact, that a position has been 
given to this axis slightly inclined from the perpendicular, as 
represented in fig. 5. In virtue of this inclination the northern 
hemisphere leans toward the sun during one half of the year, and 
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the sottthem hemisphere during the other. We enjoy by this 
expedient the gratefoi flacoession of seasons; it is thns that 
spring, summer, autumn, and winter, follow each other with 
pleasant Tariety, marking in their progress by obvious phenomena 
the course of time. Yet this inclination or stooping of the 
axis is so regulated that the extremes of the seasons are confined 
within such moderate limits as are necessary and conducive to 
the physical well-being of the numerous tribes which people the 
earth. 

It is true that this succession oi seasons was not indispensably 
necessary to the continuance of the races that inhabit the earth, 
for had the axis been perpendicular to the orbit so as to render 
days and nights perpetually and everywhere equal, the organised 
world would still have continued to exist though subject to 
certain modifications. 

25. Now, on observing the position of the axis on which Mars 
revolves, we find that it is inclined to the plane of the orbit of 
that planet, at an angle of 28"* 27', not very different from that 
at which the axis of the Earth is inclined to the ecliptic. The 
seasons and climates of Mars are therefore similar to those of 
the Earth. 

Observation has not yet determined the position of the axes of 
rotation of Venus and Mercury, but it is probably not materially 
different from that of Mars and the Earth. 

Thus we see that not only the same alternations of light and 
darkness but the same succession of seasons, regulated by nearly 
the same limits of temperature, the same diversity of climates, 
separated by nearly the same limits of latitude which prevail on 
Earth, have also been ordained for those three planets. 

26. The atmosphere which surrounds the earth is an appendage 
which has an obvious and important relation to the animal and 
vegetable kingdoms. That respiratory beings depend on it for 
the maintenance of their vitality is obvious. The mechanical 
and chemical ayparatus of the breathing organs is expressly 
adapted to it. Its relation to vegetable life is not less important. 

But besides these qualities, without which life would become 
extinct on the surface of the globe, the atmosphere administers 
to our convenience and pleasures in other ways. It is the medium 
by which sound is transmitted ; and as the apparatus of the 
lungs is adapted to operate chemically upon it^ so as to impart 
to the blood the principle by whiph that fluid sustains life, so 
the exquisite mechanism of the ear is constituted to receive the 
effects of its pulsations and convey them to the ien»orium to 
produce the perception of sound. Again, the mechanism of the 
organs of voice is adapted to impress on the atmosphere those 
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pulsations, and thereby to convey its intonations to the corres- 
pondingly susceptible organisation of the ear. Without the 
atmosphere, therefore, even supposing we could live in its absence, 
however perfect might be our organs of speech and hearing, we 
should possess them in valn« Voice we might have, but no word 
could we utter ; listeners we might be, but no sound could we 
hear ; ^dowed with the full powers of hearing and speaking, we 
should nevertheless be deaf and dumb. 

Another important manner in which the atmosphere admiiiis* 
ters to our convenience is, by diffusing in an agreeable manner 
the solar light, and mitigating its intensity. In this respect, tbe 
atmosphere may be considered as performing in regard to the 
sun what the imperfect transparency of a ground-glass. shade 
performs for the glare of the lamp. In the absence of an 
atmosphere, the light of the sun would only illuminate objects 
on which its direct rays would fall ; we should have no other 
degrees of light but the glare of intense sunshine, or the most im- 
penetrable darkness. Shade, there would be none ; the apartment 
whose casement did not face the sun, at the mid-day would 
be as at midnight. The presence of a mass of air extending 
from the surface of the earth upward to a height of more than 
forty miles, becomes strongly illuminated by the sun. This air 
reflects the solar light on every object exposed to it, and as it 
spreads over every part of the earth's surface, it conveys with it 
the reflected, but greatly mitigated light of the sun. 

When the evening sun withdraws its light, the atmosphere 
continuing to be illuminated by its beams, supplies the gradual 
declining twilight which terminates in the shade of night. 
Before it rises, in like manner, the atmosphere is the herald of 
its coming, and prepares us for its splendour by the grey dawn 
and increasing intensity of morning twilight. In the absence 
of an atmosphere, the moment of sunset would be marked 
by an abrupt and instantaneous transition from the blaze of 
solar light to the most impenetrable darkness ; and for the same 
reason, the morning would be characterised by an equally 
abrupt change from absolute darkness to broad, unmitigated 
sunshine. 
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£. Hence rain, hail, and snow. — 6. Winds manifested on the planets. 
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19. QaeBtion of babitability of these planets cp;Dsideied in refereiioe 
to flim'B lil^t and ha^.'-^W, • flwt iiMiyilwn- * wimiif iirt r of th^ 
pitirti Thar to I i ub bb QneBtaon of hMkOm^ ^tntnued.— ^1. 
p Bt |>wtf « nrtff popnlatioii, if mhabited.~-ffi. - lKv«i^9rti«n «f pbyncal 
nwnni JHonmpntiTiIri with tlirii being habitable gMMftr-428. Apjpls^on 
«f 4m1i «Mwe8 to Jupiter, and reasoning thereon — NcMi^t^of <»i;ni6ed 
ircrid being different from that on tiie earth. — ^24. ConmifniHiFn T^mne 
and drasity of the Earth and Jnpiter. — 25. GompariMn >of idaiiy& 
qoaaiities of gravitating matter in Satnm, Uraans, and^-Kqptene, and 
in tl^ Earth — and of density. — 26. CompaiatiTe weights of bodBes 
|daoed upon snch phinete and on the Earth. — ^27. General nBBoltB'of 
inquiry as to the habitability of these planetsw — 28. Atmoqpfasceof 
these planets. — 29. Their dinmal rerolntion — Gfeneral obseratiens.on 
zotation and their lesnlts — Position of axis of rotation. 

I.lv the absence of- an atmosphere we could have so ^u^; 
liay would be one unvaried wearisome glare of the max* The 
iK^ht aznre sky, so grateful to the sight, is nothing minre itfaan 
HMrnatuml colour of the air reflected to the eye. Tb& «ir wfaiph 
ittlB«4ii«am is not perceived to be blue only hcMMHeit is i^ot 
^imiRt in'«jficient quantity to excite in the «;^«ta»y^|Ni»e|»ti6n 
of ite'«dl«tr; jnst as a glass of sea-water ^etini *.tra&alae«Dt 
««d colmirkis, while the flame water mwad iinoiigk&ciMMuier' 
aWe depth, «pf»eftrs with its proper hue of green. ' 

When we look up, therefore, through forty miles of air, we 
behold that fluid of its proper tint of blue. In the absence of the 
atmosphere the great vault of the heavens would present one 
unvaried and eternal black, the stars dimly twinkling here^and 
there, the whole forming a most funereal contrast with the bright 
orb which would be seen holding its solitary course through this 
eternal expanse of darkness. 

2. The atmosphere produces effects on the temperature of our 
habitation which are not less important. It retidns and diffuses 
warmth, whether proceeding from the sun above, or from sources 
of internal heat within the globe itself. What situation with 
respect to temperature we should be pjlaced in by its absence, 
or even by a considerable diminution of its quantity or density, 
may be easily inferred by considering the state of those parts of 
the earth whidh are placed at such an eititade^'as to leave below 
them a large portion of the atmosphere. ' The summits of lofty 
ridges, such as those of the Alps, the Andes, and, the Himalayah, 
are examples of this. No intensity of direct eolar heat can com- 
pensate for the abeenee of a suffidenliy dense atmesphere, and 
even within the tropics, water caxmot exist in a liquid form at 
elevations above 14,000 feet. The summits of the Andes are 
clothed in everlasting snow. 

Had we, therefore, been unprovided with an atmoq^khere, or 
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even had our atmosphere been so rare and attenuated as it is at 
an elevation of three miles (scarcely one-tenth of its whole 
height), the waters of our oceans would have been solid. Vege- 
tation could never have existed, and in spite of the light and 
genial warmth of the sun — ^in spite of the grateful changes of 
season — in spite of the beautiful and simple provision by which 
spring succeeds winter, and is followed by summer and autumn, 
the earth would have been a barren and arid waste, enve- 
loped in a shell of eternal ice, devoid of life, motion, form, and 
beauty. 

Seeing, then, how necessary to the existence of an animal and 
vegetable world an atmosphere is — how indispensable its presence 
is to a society of creatures whose means of intercommunication 
is sound — and yet bearing in mind at the same time that this 
atmosphere is not essential to any of the great mechanical 
functions of the earth in the economy of the solar system — 
considering also that without its presence the part which that 
earth, as a whole, performs in the society of the planets, would 
be the same as it now is— can we come to any other conclusion 
than that this atmosphere was cast around the earth expressly 
with a view to the well-being of its occupants — to afford them 
a genial warmth — ^to give them diffused and gentle light — ^to 
convey the varieties of sound — ^to promote and facilitate social 
felicity, by supplying the means of intercommunication by 
language — ^to preserve the seas liquid — ^and supplying propitious 
winds to stimulate the intercourse of nations and knit together 
the races of beings who occupy its most distant points by the 
kindly bonds of reciprocal beneficence? If then such be ad- 
mitted to be some among the many of the purposes and uses 
of our atmosphere, the question whether other planets, in 
situations resembling ours, are occupied by similar beings, 
must be materially influenced by the result of an investi- 
gation as, to whether or not these planets are supplied with like 
atmospheres. 

3. Telescopic observations have most clearly and satisfactorily 
answered this question. The atmospheres around the planets 
are as palpable to sight as the clouds which float on our own. 
Yenus and Mercury are enveloped in thick atmospheres : in the 
former the air is especially conspicnons, nay, we can even see 
the morning and evening twilight in that distant worlds The 
atmosphere of Mars is likewise apparent. We see the clouds 
floating on it 

4. The ascertained existence of clouds in the planets proves 
more than the mere presence of atmospheres upon them. An 
atmosphere is necessary to support clouds, but must not l^e 
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identified with them. Clouds are no more parts of 11x0 atmo- 
sphere than the mud and sand which float in a turbid river are 
parts of its waters. Water is converted into vapour by the 
agency of the sun and wind. This vapour, when it escapi'S 
from the surface of the liquid, is generally lighter, bulk for bulk, 
than that part of the atmosphere contiguous to it. It rises into 
more exalted regions, where, by the agency of cold, and by 
electricity, it is made to resume its liquid state, but in such 
minute particles that it floats and forms those semi-opaque 
masses called clouds. Clouds are, then, in fact, water existhig 
ill a very minute state of mechanical division, and affected in 
peculiar ways by electricity. 

5. When these particles are caused to coalesce into drops or 
spherules of water — an efiect which may arise from temperature 
or electricity, or both combined — their weight renders their 
further suspension impossible, and they descend to the 8ui*face 
In the form of rain : or if the cold be so great as to congeal the 
pai«ticles before they coalesce into globules, they descend in the 
form of snow ; or, finally, if by the sudden evolution of heat 
•caused by electrical influences their solidification is effected in 
<lrops, they come down in the form of hail. 

Thus wherever the existence of clouds is made manifest, there 
"WATER must exist ; tliere svAroRATiON must go on ; tliere elec- 
TRiaTT, with its train of kindred phenomena, must reign ; there 
RAINS must fall ; there hail and snow must descend. 

6. That healthful and refreshing winds agitate the atmospheres 
of the group of worlds iu the centre of which our sun presides, 
and of which it is the common bond — ^that showers refresh their 
surfaces — ^that their climates and seasons are modified by evapo- 
Tation — that their continents are bounded by seas and oceans — 
that intercourse is facilitated by winds which convert the surfaces 
of their waters into highroads for nations — these and a thousand 
other consequences of what has been here explained, all tending 
to one conclusion — ^tliat these various globes are placed in the 
system for the same purpose as the earth — ^that they are in fact, 
the dwellings of beings in all respects, even from their lowest 
physical wants to their highest social advantages, like ourselves, 
crowd upon the mind so thickly that we can scarcely give them 
expression iu a clear and intelligible order. 

It may be asked whether by immediate observation we may 
not perceive the geographical surfaces of the pUnets, so as to 
declare by direct survey their divisions of land and water, 
mountain and valley, and other varieties of surface. 

Even the most superficial view of the subject will render 
apparent some great difficulties which must obstruct such an 
20 
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inquiry with respect to most of the planets. The very presence 
of those atmospheres and the clouds with which they are loaded^ 
offers a serious obstruction to any observations having for 
their object to ascertain the geographical character of their 
surfaces. The great distance of some of them is a formidable 
obstacle to such an inquiry ; still, where some peculiar circum- 
stances favour the observation, something has been done in this* 
investigation. 

7. Venus and Mars, the two planets in the system which com». 
nearest to the path of the Earth, are evidently the most eligible- 
objects for such an inquiry, and sufficient has been ascertained,, 
especially with regard to the latter planet, to draw verj' closely 
indeed the ties of analogy by which the planets are associated 
with the earth. 

8. The existence of continents and oceans, and even the configu- 
ration of their outlines has been clearly traced on Mars. The 
snow which covers his polar regions during the winter, has been 
distinctly seen, and has even been observed partially to dissolve 
and disappear under the influence of the summer heat. The 
clouds with which Yenus and Mercury are so constantly enve- 
loped, combined with other obstructions peculiar to the positions^ 
of these planets, have rendered like observations respecting them, 
impracticable. It has, nevertheless, been ascertained that their 
surface, like that of the Earth, is marked by moimtain^chains or 
great elevation. 

9. In tracing the analogies which prove the suitableness of the- 
planets for habitable globes, and which connect them by ties ot 
kindred with the earth, one of the most important and interest-* 
ing is dependent upon the quantity of matter composing these^ 
planets, compared with their volumes or bulks. Let us see 
how this affects the condition of 'the organised creatures that, 
dwell upon them. 

10. All organised beings, whether animal or vegetable, are. 
endowed with a certain limited amount of bodily strength. In. 
the case of animals, which have powers of locomotion, this, 
strength is regulated with reference to* their weight, and the. 
extent and quantity of motion necessary for their well-being on 
the surface of the globe. The structure of every animal is such, 
in the first place, as to give it strength to support and move its 
own body ; but this is not enough ; it must have a further amount 
of disposable force to enable it to supply its own wants by the 
purauit of its prey; by the collection of its food ; by the erection 
of its dwelling ; and, in general, by its labour in the supply of 
its physical wants. In the case of vegetables, the strength must 
be sufficient to support its weight, and resist those external 

21 



THE PLANETS, ARE THEY IiraABITED ? 

difltnrbances to which it is exposed — Bach as the action of winds 
and other natoral effects. But what, let ns ask, regulates this 
necessary quantity of strength ? What is the chief resistance 
which it has to overcome ? We answerj mainly the weight of 
the creature itself. But again ; what is this weight? It is a 
force produced by what t By the combined attractions of the 
whole mass of matter coraposmg the globe of the earth, exercised 
upon the matter composing the creature itself ; thus the weight 
of a man is merely the araounfc of the attraction of the globe 
of the earth exercised upon the matter composing the body of 
the man. The amount of this attractioD, therefore, depends 
upon the quantity of matter in the earth ; but not on that alone; 
it is a universal law of nature, that the energy of the attraction 
exerted by matter, is increased with the proximity of the attracted 
body to the centre of the attracted mass. Now, if the matter 
composing the globe of the earth were condensed into half its 
present bulk, all bodies placed upon the surface, being propor- 
tionally nearer the centre, would be attracted with greater 
eaiergj ; and, on the other hand, if the mnttter of the ear^ w^e 
swelled into a larger bulk, the distance of objects on the surface 
from the centre being proportionally increased, the ^lergy of the 
attraction would be diminished. In the one case the weights of 
all bodies would be augmented, and in the other they would be 
diminished. The weights, then, of bodies placed on the surface 
of the earth depend conjointly on the mass of matter composing 
the earth, and on its density. 

11. It is evident then, that the adaptation which we see usually 
to prevail between the strength of animals and plants and their 
weights, is, in reality, an exquisite harmcmy which is maintained 
between the strength of these infinitely various tribes of organised 
creatures, and tibe mass and density of the globe upon which 
they are placed ; the slightest disturbance or' change in this 
relation wouM utterly derange the fitness of things, and would 
render the globe and its occupants, whether animal or vegetable, 
unsuited to each other. The amount of attraction, or, to use the 
more familiar' term, the weight of the body on the surface of the 
globe is, then, an index, so to speak, to the organisation of the 
creatures placed upon the globe. If we wouhi, then, inquire 
respecting the probable organisation of the dwellers upon the 
planets, one of' the means of our inquiry wwrld be to ascertain 
what would be the weights of bodies upon their surfiices. Physical 
science enables us perfectly to accomplish this The masses of 
matter composing all the planets have been discovered with a 
great degree of precision. Their magnitudes liave also been 
measured. Now, to ascertain the weights of bodies {Placed upon 
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tlie surface of any of them, it is only necessary to consider tbeir 
masses and their magnitudes. The weight of a body |daoed 
upon any planet is greater or less^ coeUrU parAattf tfaaiii tfae^ 
Weight of a body placed upon the earth, just in proportion aMte; 
mass of matter in the plimet is greater or lesstfatti'tlM mwii oH 
matter in the earth. If the distance from the sor&oe to t^- 
centre of the planet be double the corresponding. distanee initW 
•case of the earth, then the weight of bodies- upon its wiifai i 
would, on that account alone, be four times le89*thiai> in the-, essp; 
of the earth. ^But if, at the same time, the massof matter in ttli»; 
planet were sixteen times greater than the mass of' matter in ikm*. 
earth, then the weight of bodies on the planst^ on tiuit Hfiiniiit' 
alone, would be sixteen times greater. The weig^ tben^ am 
the one score, would be sixteen times greater, and on the otovy* 
four times less ; the result being that the astnal weight mdsr 
such circumstances would be four times greater tfaan uposttfas^ 
earth. Such are the principles by which may b» cslenlated thmt 
weights of bodies upon the surfaces of the dilTefeat. planets» 

12. It has been found that the weights of bodiss ob the earham- 
of Venus are nearly the same as on the Eartli^ but tiiatt. o«t 
Mercury and Mars the weights of bodies areoidy iudf' of tiMiMi) 
which they would have if placed on the Earth; Hie- infenas»j 
obviously is, that organised beings on Venus would require io bsi 
endowed with the tame bodily strength exactly as^ipsn the Ssstl^. 
but that half the strength would suffice on Mars".and MeveuTv 
The numerous amdogies which we have indlsHtod give- ttie- 
highest degree of probability, not to say msval eeitaiiifty^ . to j 
the conclusion that the three planets, Mars, Veira% and Mer^. 
eury, which, with the Earth, revolve nearest to the san^ are- 
like the Earth appropriated by the • Omnipetent Creator* aiid> 
Buler of the Universe to races very closely resembling, if JosA 
absolutely identical with, those by which the Ear^ is peepleiL. 

13. The solar system consists of the sun, a globeof iStupeadoas^ 
magnitude, maintaining a position, relatively fixed- in the centee^s 
and thirty- three planets revolving round it in pKtinwfaickide' 
not differ sensibly from concentric circles. 

14. These thirty-three planets are characterisedlij vmy stril i i a g' 
differences in relative position and in magnitude, 4md htmrn in. 
relation to these differences been classed in three gnyops.. 

15. The inner group consists of four : Mercury, Vem%.tfeist' 
Earth, and Mars, lliey are all included witkin au cirde cd' 
150,000000 of miles radiu» described round ths'sonias a 4 
the distance of the earth being nearly 100,000000 of miles;*. 

The circumstances attending these globes^ tfaeir 
analogies, and the probability, if not the moml certainty^ tlml^i 
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Fig. 1. 



tliey are the habitations of organised tribe* 
similar to those which inhabit the earth, 
having been very fully explained, we. 
propose now to explain the circumstancea 
which attend another of these groups. 

The manner in which the thirty-three 
planets are distributed around the sun is. 
represented in fig. 1. The relative distances, 
are there represented as nearly as is practi- 
cable on their real scale. Twenty-five of 
the entire number of planets are crowded 
together at a distance from the sun about 
two-and-a-half times greater than that of 
the earth. Thes« constitute a group apart, 
characterised by some very curious cir- 
cumstances, which we shall explain here- . 
after. 

16. The four outer planets, Jupiter, 
Saturn, Uranus, and Neptune, form the 
other group which we now propose ta, 
examine. 

17. The relative distances of these bodies, 
from the sun, from each other, and from the 
earth, are exhibited in the diagram (fig. 1), , 
where the fifth part of an inch represents, 
one hundred millions of miles. The dis- 
tance of Jupiter from the sun on the plan 
being an inch, its real distance is, in 
round numbers, five hundred millions of 
miles. That of Saturn being 1^ inch, that 
of Uranus 3^$ inches, and that of Neptune- 
6^ inches ; the actual distances of these 
three planets are 900, 1,800, and 2,800 
millions of miles respectively, all the dis- 
tances being, as before expressed, in round . 
numbers. 

18. When it is considered that the appa- 
rent magnitude of the sun and th» 
intensity of its light and heat decrease in. 
a very high proportion as its distance is 
augmented, it will be evident that that 
body, considered as the means of illumi- 
nation and warmth, must minister to. 
these several globes extremely different 
quantities of those necessary physical 
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principles. It has been already stated that the apparent diameter 
of the sun's disk is less in exactly the same proportion as the 
distance of the observer from that luminary is greater. Since, 
therefore, the distances of Jupiter, Saturn, Uranus, and Neptune 
are severally five, nine, eighteen, and twenty-eight times the earth's 
distance, the apparent diameters of the sun's disk, as seen from 
them, will be J, J, j\, and j\ of its diameter, as seen from the earth. 

Fig. 2. Fig. s. 





If the white circle e (fig. 2) be imagined to represent the 
apparent disk of the sun, as it is seen by an inhabitant of the 
earth, then J (fig. 3) will represent its appearance to an inhar 
bitant of Jupiter, s its appearance to an inhabitant of Saturn, 
u to an inhabitant of Uranus, and n to an inhabitant of Neptune. 

The light and heat which it would supply to each of these 
planets would be in the exact proportion of the apparent surface 
of the solar disk, and since the areaa of circles are as the squares 
of their diameters, it would follow that the solar light and heat 
at Jupiter is 25 times, at Saturn 81 times, at Uranus 324 times, 
and at Neptune 784 times less than at the earth.* 

19. In considering the question of the habitability of these 
globes, it might appear from these numbers that the illuminating 
and heating power of the sun would be so diminished by distance 
AS to be incompatible with the existence of organised races, at 
least on the more distant of those planets. It must, however, be 
eonsidered that the illuminating power of the sun would be the 
same as at the earth, if only the pupils of the eyes were enlarged 
in the same ratio as the apparent superficial magnitude of the 

* These numbers are not the exact ratios, but are near enough for the 
present illustration. For more precise results see "Handbook of Natural 
Philosophy and Astronomy*' (2,994). 
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Slinks disk is diminished, or that the same effect would be pro- 
duced b J a proportionally increased sensibility of the retina. 
In like manner the diminished calorific power of the sun's 
rays proceeding from their dim! 
^•*- nished denaty, might be compen- 

E sated by modified Atmospheric con- 

ditions, just as we find with the 
same density of the solar rays all 
climates in ascending on tropical 
moBntains^oTsnoBs altatadai from 
t^ leTel of the sea iqi the line of 
perpetual snow. 

Gniese points have been already 
BO fully developed and explaizied, 
that we need not here further, insist 
upon them. 

It is apparent, therefore^ that 
so far as the vastness of their 
dlitaxices from the sun compared 
witii that of the earth, affeete the 
jIlmBiiMrtAoa tmd- wmrmth supplied 
to them, thME*- idb no grounds for 
concluding that they may not be 
the habitations of races organised 
in a manner not differing in any 
important respect from those which 
inhabit the earth. 

20. One of the most striking cir- 
cumstances in which the group of 
planets now under consideration 
differ from the earth and the other 
three which form the terrestrial or 
inner group is their great compara- 
tive magnitude. The actual dia- 
meter of the earth is, in round 
numbers, 8000 miles. That of 
^^1^ Jupiter is 88,000, that of Saturn 

,^^^^k 75,000, that of Uranus 35,000, and 

'^^BgAN that of Neptune 37,500 miles. The 

^^^^Hf diameter of Jupiter is therefore 

^^^^ 11, that of Saturn dj, that of Ura- 

nus 4^, and that of Neptune 4| 
times the diameter of the earth. 

But the volumes or bulks of globes being in the proportion ot 
the cubes of their diameters, it follows that the bulk of Jupiter 
26 
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IB 1,330 times tiiat of the earth ; and that those of Satam, TJnuras, 
and Neptmie are respectively 857, 88, and 107 times that of 
tile earth. 

To render these vast- proportions more clearij perceptible, we 
hare represented them in the annexed figures. If e (fig. 4) be 
imagined to represent the g^obe of the earth, the globe of Jnpiter 
will be represented on the same scale by J, that of Satom by s, 
that of Uranus by it, and that of Neptnne by k« 

21. If they be inhabited globes analogous to the •earth, they 
will accommodate a population as many times greater than that 
to which th» earth is adapted, as their surfaces aee greater than 
the surface of the earth ; and>since tbe soc&ees of giobesare in 
^e proportion of the- squares of the diamet^v, Jnpiter would 
afford spsice to harbitation 121 times greater than the earth, and 
Saturn 90 timce^ UrasfnslS times, and N^tune 23 times* greater. 

22. It may, howeiner, be- aaked. wltether this vast' difference 
in the magnitade of these globes compared with that of the 
earth may net involre some phyncal consequences incompatible 
with the Biqyposttion of their b^g habitable globes at all 
analogooato the eaith.. 

There is but one ' such oonset^enee at all conceivable. It is 
that the e^Secti of graTity upon them might be sueh as to be 
altogether unfitted forBpeeies organised like those of the earth. 
Thus, upon the earth the average strength of a man is adapted 
to support and give freedom of motion and action to a body 
whose avemge weight is an hundred and a half; that of a 
horse to one whose average weight is half a ton, and the like oi 
other animals. The strength of the stalks and trunks of vege- 
tables is in like manner adapted to their weights. In the same 
manner the materials of artificial structures have a strength 
which has like relation to their weights. 

If these species, animal and vegetable, and these artificial 
structures were suddenly transferred to the surface of a planet, 
on which they would have several hundred times their present 
weight, the animals would not only be totally incapable of loco- 
motion, bat they, as well as the vegetables and artificial 
structures, would be crushed and crumbled to pieces under the 
enormous pressure of their own weights. 

In discuBsisg this - question, it is therefore of the greatest 
importance to inquire whether the vast dimensions of this group 
of planets may not cause aa increase of weight of boc^ 
placed upon their sMiiacesso immense as to destroy all analogy 
to the earth considered as an inhabited globe. 

In answer to this question, it may be replied that the weight of 
bodies placed upon the surface of a globe will depend conjointly 
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<m the quantity of mfttter in the globe, and on the distance of the 
body from its centre, which distance will be the radios or semi-, 
diameter of the globe. The greater the quantity of matter, 
composing the globe, the greater will be the attraction whkh 
it will exert upon a body at a given distance from its centre. 
But this attraction will be less as that distance is increased^ in 
the proportion of the square of the distance. 

23. Now let us apply these principles to the major planets ; — : 
to Jupiter for example. 

The volume of Jupiter, as we have stated, is 1,330 times that^ 
of the earth. If it be composed of materials similar to thos^ 
which compote the earth, its mass or quantity of matter will be 
1,330 times greater than that of the earth, and it would conse- 
quently exert an attraction 1,330 times greater than terrestrial 
gravity upon a body at the same diitancefrom its centre. 

Now, the body of an average man placed on the surface of 
the earth, and therefore at a distance from its centre equal to 
half its diameter, is attracted towards that centre with a force . 
of 150 lbs. The same body placed at the same distance from the- 
centre of Jupiter would, on the above supposition, be attracted 
with a force of 1,330 times 150 lbs. But bodies placed on the 
surface of Jupiter are at a distance from its centre eleven time» 
greater than the semi-diameter of the earth, because the semi- . 
diameter of Jupiter is greater than that of the earth in the 
proportion of 11 to 1 ; and, consequently, if the body of the maa 
were placed on the sur&ce of Jupiter, it would be attracted with 
a less force in the ratio ot the square of 11, that is of 121 to 1^ 
The account would therefore stand thus : — 

llM. 

Weight of a man on tbe snr&ce of the earth . . 150 

Weight of do. placed at a distance from Jnpiter's 

centra equal to the semi-diameter of the earth . 150 x 1330 

Weight of do. removed to Jupiter's surface, the 150 x 1330 
distance being thus increased 11 times . . 12I 

If we perform these arithmetical operations, multiplying 150 lbs*, 
by 1,330, and dividing the product by 121 we shall obtain 
1,648 lbs. 

Thus it appears that if the materials ot which the planet 
Jupiter is composed be similar to those of the earth, the weight 
of a man placed upon its surface would be greater than hi» 
weight upon the earth, in the ratio of 1,648 to 150, or about 11 
to 1, and of course the weights of all bodies would be greater in 
the same proportion. 

It is evident, that although such a physical condition would not 
at all exclude the possibility of Jupiter being an inhabited globey 
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it would require the admission, that the organised world upon 
it must be totally diflferent from that which exists upon the earth. 

But are the materials of which Jupiter is composed similar to 
those of the earth ? If not, the conclusion at which we have 
arrived must be modified. The whole question resolves itself 
into the determination of the actual quantity of gravitating 
matter composing this stupendous planet compared with the 
-quantity composing the earth. Now it will be apparent, that if 
we could ascertain the attractions which Jupiter and the 
«arth would exert upon bodies placed at equal distances from 
them, these attractions would be the exact exponents of the 
'quantities of gravitating matter composing these two globes. 

This we are happily enabled to accomplish by a very simple 
and obvious arithmetical operation. The moon, as is well known, 
revolves in its monthly orbit round the earth, and is retained in 
that orbit by the attraction of the mass of gravitating matter 
composing the earth. If that mass were greater the moon would 
•revolve faster, if less, slower. Its rate of motion is therefore an 
index to the quantity of gravitating matter composing the earth. 

Jupiter like the earth is also attended, but by four and not by 
one moon. Each of these four moons is retained in its orbit 
round Jupiter by the attraction of the gravitating mass com- 
posing that planet. If it had happened that one of these four 
moons were at exactly the same distance from Jupiter*8 centi*e 
'as the earth's moon is from its centre, then the motion of that 
modn would at once prove whether the quantity of matter com- 
posing Jupiter is greater or less than the quantity of matter 
<;omposing the earth. If the moon of Jupiter being thus at the 
same distance moved faster than the earth's moon, the mass of 
Jupiter would be greater, and if it moved slower it would be less 
than the mass of the earth. 

Although all the moons of Jupiter are more distant from its 
-centre than the moon is from the earth's centre, the nearest of 
these moons to Jupiter is not much more distant Yet this moon 
makes a complete revolution round Jupiter in forty-two hours, 
while the earth's moon, though a litUe nearer to the attracting 
mass, takes nearly 656 hours to make a revolution. 

It is obvious, therefore, that the gravitating mass composing 
Jupiter must be vastly greater than that which composes the 
«arth. 

By allowing for the difference of distance of the two moons 
from the centi*es of the two planets, and by taking into account 
'the exact proportion of their velocities, it has been found that the 
•mass of gravitating matter composing Jupiter is 338^ times the 
mass of the earth. 
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The meaning of this is, that if 338^ masses of matter like the 
earth were placed in one scale of a colossal balance, a&d the 
single globe of Jnpiter in the other, the beam would be exactly 
equipoised. 

24. A very curious inference follows from this. It appears 
from what has been shown, that the volume or bulk of 
Jupiter is 1,330 times greater than that of the earth, so that it 
would require 1,330 globes like the earth to be moulded into a 
single globe to make such a globe as Jupiter, while 338^ such 
globes would be sufficient to make a globe as heavy as Jupiter. It 
is evident, therefore, that bulk for bulk, the matter composing 
Jupiter, is lighter than the matter composing the earth, in tha 
ratio of 338^ to 1,330, or what is the same, of 4 to 1. 

It has been proved that the earth is 6^ times the weight of 
an equal globe composed of water. It follows therefore that 
Jnpiter is heavier than an equal gldbe of water in the far less 
proportion of 5^ to 4, or 1| to 1. 

It was shown that if Jupiter were composed of matter like 
the earth, the weight of bodies upon his sur&ce would be 
11 times greater than upon the earth. But since it appears that 
it is composed of matter 4 times lighter than that of the earth, 
it will follow that the weight of badies upon its surface wiU be 
4 times less than the weight previously computed, and that it 
will therefore be only 2| greater than upon the earth. 

Thus it seems that owing to the comparative lightness of the 
matter composing this great globe, the attraction which it <aerts 
upon bodies placed upon its surfiEice, tbongh greater than upon the 
earth, does not exceed terrestrial gravity in a proportion which 
requires the admission of any difference of organisation of the 
inhabitants, exceeding what may be imagined wiUiout removing 
Jupiter from the general analogy of the earth. 

25. The other three planete of the exterior group, being 
attended by satellites, can be weighed against the earth by com- 
paring, as in the ease of Jupiter, the motions of their moons witii 
that of the eardi's moon, and after making due allowance for the 
difference of diatanee, the attractions which they would severally 
exert, compared with that exerted by the earth, becomes the 
expression of the relative qiumtities of gravitating matter com- 
pared with that of the earth. 

It is thus found that the weight of Saturn is 101 times, that of 
Uranus 14},And that of Neptune 19 times the weight of the earth. 

It appears, therefore, that while the bulk of Saturn is 857 
times greater than that of the earth, its weight is only 101 times 
greater. It is therefore lighter, bulk for bulk, than the earthy 
in the proportion of 101 to 867, or 1 to 8^. 
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In like manner, while the bulk of Uranus is 82 times greater, 
its weight is only 14^ times greater than that of the earth. It 
is therefore lighter, bulk for bulk, than the earth, in the propor- 
tion of 14^ to 82, or 1 to 6 very nearly. 

In fine, while the bulk of Neptune is 107 times greater, 
its weight is only 19 times greater than the earth, and it i» 
therefore lighter, bulk for bulk, than the earth, in the proportion 
of 19 to 107, or nearly 1 to 6, the same as Uranus. 

It has been proved that the earth is, bulk for bulk, 6^ time» 
heavier than water. It follows therefore that Saturn being 8^ 
times lighter, bulk for bulk, than the earth, is lighter, bulk for 
bulk, than water in the proportion of 5j to 8J, or 1 to 1^. 

In like manner it appears that Uranus and Neptune, being 
nearly six times lighter, bulk for bulk, than the earth, must be 
composed of materials equal in weight, bulk for bulk, with water* 

The weight of Jupiter is equal to that of some of the denser 
sorts of wood, such fus lignum vitas or ebony, and that of Saturo 
is equal to the weight of the lighter sorts, such as deaL 

26. The weight of bodies placed upon the surfaces of Saturn, 
Uranus, and Neptune, are aacertaiziied by comparing their masses 
with their magnitude, as in the case of Jupiter, and it is thu» 
found that it does not differ much from their weights on the 
earth. On Saturn it is a very little more, and on Uranus and 
Neptune a little less. 

27. It appears, therefore, that if these planets be inhabited, 
the same organisation whieh prevails on the earth would be 
sufficient to impart the same, or nearly the same, degree of 
stability and freedom of locomotion. A man, infine,.traneferrecl 
from the earth to Saturn, Uranus, or Neptune, woul^ not be 
sensible of much difference in his power of action, and. motion* 
Trees and other vegetables, with their present strength, would be- 
equally stable, and artificial structures equally solid and durable. 

28. The importance of the atmosphere to. all the functions of 
animal and vegetable life, and its uses in the diffueian of light 
and the retention and diffusion of heat, have been fully explained. 
The existence of any atmosphere on a planet is, therefore, an 
essential condition necessary to bring it into analogy with the 
earth as an inhabited globe. 

The atmospheres of Jupiter and Batum are roidered con- 
spicuously apparent by the telescope. We see the clouds floating 
in dense masses upon them ; so d^ise indeed and so unbroken 
as to conceal from our view the charaetera of the sorfeces of the 
planets themselves. 

Uranus and Neptune are too remote for like obeervaticms in 
the present state of the telescope, but it is in the highest degree 
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probable that with improved powers of that instrument, like 
appearances will be observed upon them. 

29. It might be imagined that the circumstance of being thus 
constantly enveloped in clouds would render it impossible to 
ascertain whether these planets, like the earth, turn upon an 
nxis, and consequently have days and nights analogous to those 
of the earth. 

It must be remembered, however, that the earth's atmosphere, 
and the clouds which float upon it, partake of the motion of 
•diurnal rotation, and that if the atmosphere were perfectly calm 
for twenty-four hours, the various masses of clouds resting upon 
it being always suspended over the same parts of its surface, 
"Would be carried round with it, and would consequently make a 
<;omplete rotation round the common axis in the same time 
exactly as the solid globe of the earth. 

Now, if an observer placed upon any of the planets, not too 
'remote, were iu this case to direct a sufficiently powerful telescope 
to the earth, although he might not see the outlines of land and 
water, being enveloped by clouds, he would distinguish the 
masses of clouds themseives by their varieties of light and shade, 
and would see them carried round by the diurnal rotation— dis- 
appearing at one side and reappearing at the other; and he 
would thus not only ascertain the fact of the diurnal rotation of 
the earth, but also the time of rotation, that being the interval 
between two succiessive disappearances or reappearances of the 
«ame lineaments of light and shade, and the direction of the 
axis of rotation — ^that direction being at right angles to the 
apparent motion of rotation. 

Circumstances, just such as these, have been observed to take 
•place on Jupiter and Saturn. The masses of cloud, whose 
lights and shadows diversify their surfaces, though more or less 
shifting and variable, are at times found to remain fixed, as if tlie 
atmosphere were absolutely calm and quiescent for intervals 
sufficiently protracted to enable the telescopic observer to see 
the same lineaments disappear at one side of the disk, reappear 
at the other, and passing across the disk, again disappear. These 
are the obvious effects of the rotation of these planets upon an 
axis at right angles to the direction of this apparent motion. 

Observations such as these, repeated and continued for long 
periods of time, have led to the discovery that Jupiter turns upon 
a certain diameter with a diurnal motion, making a complete 
revolution in 9^ 65" 26* terrestrial time, and that Saturn 
revolves in like manner, and what is more remarkable in a time 
not very different from that of the rotation of Jupiter. Saturn's 
rotation is completed in 10^ 29'" 17»r - 
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1. CoNCLUSivK and satisfaciorj observations of this kind have 
not yet been made on Uranus, but from the observations, imper- 
fect as they are which have been made, there are probable 
grounds for the inference that this pUuiet also revolves on an 
axis in nine hours and a half. 

Thus it appears that these vast globes, revolving at distances 
from the sun from five to thirty times that of the earth, have 
like the earth alternations of light and darkness ; that they have 
days and nights ; that all parts of their surfaces are in turn, like 
those of the earth, presented to the common centre of light and 
warmth, but that the intervals which regulate these alternations, 
''the division of the light from the darkness," which has been 
found good by Divine beneficence for the races which inhabit the 
earth, has not been found '^ good " for those which inhabit those 
more remote worlds. The average length of the day on them is 
about five hours, while it is twelve upon the earth. 

The creatures placed upon these planets must, therefore, be so 
constituted as to require more frequent intervals for rest and 
sleep, and shorter periods of wakefulness, activity, and labour, 
than those which inhabit the earth. 

2. The position of the axis of rotation has been ascertained in 
tlie cases of Jupiter and Saturn, but not as yet of the other two 
planets of this group. 

The axis of Jupiter is inclined to the plane of its orbit at the 
very small angle of 3" 6' 3(f, while that of the earth, as is well 
known, has an inclination of 23° 28' 3(f. 

As this inclination limits the temperature of the seasons, the 
extent of the zones and the varieties of the climates, it follows, 
that on Jupiter these phenomena must be very different from 
those of the earth. The extreme variation of the altitude of the 
sun at noon does not much exceed six degrees in any latitude, a 
change which cannot produce any very sensible variation in the 
temperature of the seasons. On this planet there is, therefore 
perpetual spring. 

3. The tropics of Jupiter are only three degrees north and 
south of his equator, and the polar circles, which include the only 
parts of the planet at which the sun remains at any time below 
or above the horizon during a complete revolution, are limited to 
three degrees around the poles. 

In fine, the diurnal phenomena on Jupiter are, at all times, 
nearly the same as they are upon the earth at the Equinoxes. 

4. The case is very different with Saturn, which presents a closer 
analogy to the earth. The direction of the diurnal motion, in 
the case of that planet, makes an angle of 26° 48' 4(f, with the 
plane of the orbit differing little from the angle which the ecliptic 
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makes with the terrestrial equator. The Satumian seasons, 
zones, and climates are, therefore, absolutely similar to those of 
the earth. The tropical and polar phenomena are the same. 

It is to be hoped that the recent improvements effected by 
Lord Bosse, in the construction of reflecting telescopes, may 
place it within the power of observers to determine the position 
of the axes of Uranus and Neptune, and the line of rotation of 
the latter. 

5. So far as discovery has hitherto proceeded, it would appear 
that a comparatively greater rapidity of rotation, and shorter 
intervals of light and darkness, is a characteristic by which the 
group of major planets are distinguished from the terrestrial 
group. 

6. A second striking distinction between these two groups is 
the comparative lightness of the matter composing the former. 
It will be remembered that, in our notice of the terrestrial group, 
we showed that the density of the matter composing the earth, 
yenus,and Mars is nearly equal, and is five-and-a-half times that 
of water, and about the same as that of iron-stone, while the 
density of the planet Mercury is equal to that of gold. Now, it 
appears that, on the contrary, the density of Jupiter very little 
exceeds that of water, that of Uranus and Neptune is exactly 
that of water, while Saturn is so light that it would float in 
water like a globe of pine-wood. 

It must be admitted to be not the least striking among the 
wondrous results of human sagacity, that these remote globes 
have been submitted to such an analysis as enables us thus to pro« 
nounce with certainty upon one, at least, of the physical characters 
of their constituent parts. In some instances science has even gone 
farther, and has shown that the densities of Jupiter and Saturn 
cannot be uniform, but must increase gradually as that of the 
earth is known to do, from the surface to the centre, and from 
this it follows that the mean density of the matter of their 
surface must be much less than that of water. 

7. It follows, therefore, that the seas and oceans of these 
planets must consist of a liquid far lighter than water. It is 
computed that a liquid on Jupiter, which would be analogous to 
the terrestrial oceans, would be three times lighter than sul- 
phuric ether, the lightest known liquid, and would be such that 
cork would scarcely float in it. 

8. The rapid rotation of these planets, combined with the 
great length of their revolution round the sun, gives them yearn 
consisting of a vast number of days. The year of Jupiter 
is nearly twelve terrestrial years, or, more exactly, 4332j^ ter- 
restrial days. But as the Jovian days are shorter than the 
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terrestrial in the ratio of 1 to 2*42, it follows that in a Jovian year 
there are 10485 Jovian days. 

The iSaturnian year is equal to "29^ terrestrial years, or more 
exactly to 10,759 terrestrial days, and since the Satumian day is 
shorter than the terrestrial in the ratio of 1 to 2*3, it will follow 
that the Satumian year consists of 24746 Satumian days. 

Thus each of the Satumian seasons, spring, summer, autumn, 
and winter is equal to seven-And-a-half terrestrial years. 

The XJranian year is equal to 84 terrestrial years, or 30687 
terrestrial days ; and the Uranian day, according to the probable 
estimate, being shorter than the terrestrial day in the ratio of 
1 to 2^^ it follows that the Uranian year consists of 77336 
XJranian days. 

If the axis of Uranus be inclined to the plane of its orbit like 
that of Saturn, its seasons will be similar to those of the earth, 
but of very different duration, their length being 21 terrestrial 
years, or 19334 Uranian days. 

9. Oue of the most remarkable meteorological consequences 
of the diurnal rotation of the earth is the system of atmospheric 
currents, which, in both hemispheres, are directed generally 
parallel to the equator, and which, from their great permanence 
and regularity in the lower latitudes, have, in all ages since the 
invention of ocean navigation, subserved the purposes of com- 
merce so extensively as to have acquired the name of the trade- 
winds. These phenomena will be explained more fully, so far as 
relates to their physical causes, in another part of this 
series. What we now desire to direct attention to is their 
effects in the upper strata of the atmosphere. 

It is evident that such currents must have a general tendency 
to distribute the strata of clouds in lines or streaks, more or less 
pronounced, according to their intensity and regularity, parallel 
to the equator. If these atrial currents were much more intense 
and much more permanent and regular, and if the clouds them- 
selves were more voluminous and permanent than they are, this 
distribution of them in streaks or layers at right angles to the 
earth's axis would be in proportion more pronounced, more 
regular, and more permanent. 

The causes of these atmospheric currents are traced to the 
combined effects of the velocity with which the atmosphere is 
carried round with the earth on its axis, and the influence of the 
solar heat produced upon the zone of atmosphere over those 
regions of the globe which extend to a certain distance north and 
south of the equator. 

If the velocity with which the atmosphere is carried round 
were much greater than it is, and if the atmosphere were more 
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constantly and heavily loaded with clouds, these effects would be 
much more striking. 

Tlie velocity with which the atmosphere is carried round 
would be greater if the earth's rotation were more rapid. It 
would also be greater, even with £he present rate of rotation, if 
the earth were a lai'ger globe, because then the atmosphere 
would be carried in the same time round a proportionately 
greater circumference. But if both these conditions were at the 
same time fulfilled — if the earth revolved more rapidly on its 
axis, and were at the same time a larger globe, the atmosphere 
would be not only carried round in a less time, but would revolve 
through a larger circumference. 

10. Now this is exactly the case with the major planets. Jupiter, 
Saturn, and Uranus make each about five revolutions on their 
axes while the earth makes two, and the equatorial circum- 
ference of Jupiter is eleven times, that of Saturn above nine 
times, and that of Uranus more than four times greater than the 
equatorial circumference of the earth. 

The speed with which the equatorial zone of air is whirled 
round on Jupiter is therefore about 27 times, on Saturn 23 
times, and on Uranus about 7 times greater than on the earth. 

We find by telescopic observation also, as has been already 
stated, that the atmospheres of these planets are so thickly and 
constantly loaded with clouds that the surfaces of the solid 
globes are permanently concealed from us. 

It may, therefore, be inferred that the prevalence of atmo- 
spheric currents on these planets parallel to their equators are 
far more constant and more strong than upon the earth ; and 
since the masses of cloud with which they are loaded are greater 
and more permanent, the effects of such currents upon their 
distribution in equatorial strata or bands must be supposed to 
be &r more conspicuous. 

11. Observation has confirmed this in a most remarkable and 
interesting manner. Look at the six telescopic views of Jupiter, 
given in figures 1 to 6 (page 38), which are engraved after the 
telescopic drawings of Herschel and Madler. 

The streaks parallel to the Jovian equator are conspicuous. 
These streaks, which were seen not long after the invention of 
the telescope, are called " Jupiter's Belts." 

Of all the bodies of the system, the moon perhaps alone 
excepted, Jupiter presents to the telescopic observer the most 
magnificent spectacle. Notwithstanding its vast distance, such 
is its stupendous magnitude that it is seen under a visual angle 
nearly twice that of Mars. A telescope of a given power, there- 
fore, shows it with an apparent disc four times greater. It has 
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2. Dec. 28, 1834. 
5. Jan. 16, 1886. 



3. Dec. 23, 1834. 
6. Jan. 17, 1836. 



VIEWS OP JUPITER. 

consequently^ been submitted to examination by thd most emi- 
nent observers, and its appearances described with great minute- 
ness of detail. The apparent diameter in opposition (when it is 
on the meridian at midnight) is about the fortieth part of that 
of the moon, and therefore a telescope with the very moderate 
magnifying power of forty, presents it to the observer with a 
disc equal to that with which the full moon is seen with the 
naked eye. 

A power of four or five is sufficient to enable the observer to 
see the planet with a sensible disc ; a power ot thirty shows the 
more prominent belts ; a power of forty shows it with a dUc as 
large as that which the full moon presents to the naked eye ; 
but to be enabled to observe the finer streaks which prevail at 
greater distances from the planet's equator, it is not only necessary 
to see the planet under favourable circumstances of position and 
atmosphere, but to be aided by a well-defining telescope with 
magnifying powers varying from 200 to 300. 

The planet, when thus viewed, appears to exhibit a disc, the 
ground of which is a light yellowish colour, brightest near its 
equator, and melting gradually into a leaden-coloured gray 
towards the poles, still retaining, nevertheless, somewhat of its 
yellowish hue. Upon this ground are seen a series of brownish- 
gray streaks, resembling in their form and arrangement the 
streaks of clouds which are often observed in the sky on a fine 
calm evening after simset. The general direction of these streaks 
is parallel to the equator of the planet, though sometimes a 
departure from strict parallelism is observable. They are not 
all equally conspicuous or distinctly defined. Two are generally 
strikingly observable, north and south of the equator, separated 
by a bright yellow zone, a part of the general ground of the disc. 
These principal streaks commonly extend around the globe of 
the planet, being visible without much change of form during 
an entire revolution of Jupiter. This, however, is not always 
the case, for it has happened, though rarely, that one of these 
streaks, at a certain point, was broken sharply ofi^, so as to 
present to the observer an extremity so well defined and 
unvarying for a considerable time as to supply the means of 
ascertaining, with a very close approximation, the time of the 
planet's rotation. The borders of these principal streaks are 
sometimes sharp and even, but, sometimes (those especially 
which are further from the equator), rugged and uneven, 
throwing out arms and ofishoots. 

On the parts of the disc more remote from the equator, the 
streaks are much more &int, narrower, and less regular in their 
parallelism, and can seldom be distinctly seen, except by 
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practised observers, with good telescopes. With these, how« 
ever, what appears near the x>ole8, in instruments of inferior 
power, as a dim shading of a yellowish-gray hue, is resolved into 
a system of fine parallel streaks in close juxtaposition, which 
becomiug closer in approaching the pole, finally coalesce. 

In general, kll the streaks become less and less distinct 
towards either the eastern or western limb, disappearing alto- 
gether at the limb itselt 

Although these streaks have infinitely greater permanency 
than the arrangements of the clouds of our atmosphere, and are 
even more permanent than is necessary for the exact deter- 
mination of the planet's rotation, they are nevertheless entirely 
destitute of that permanence which would characterise Zeno- 
graphic features, such as are observed, for example, on Mars. 
The streaks, on the contrary, are subject to slow but evident 
variations, so that after the lapse of some months the appearance 
of the disc is totally changed. 

12. These general observations on the appearance of Jupiter's 
disc will be rendered more clearly intelligible by reference to the 
telescopic drawings of the planet given in fig. 1 to 6. In fig. 1 is 
given a telescopic view of the disc by Sir John Herschel, as it 
appeared in the 20-feet reflector at Slough on the 23rd September, 
1832. The other views were made by M.Madler from observations 
taken in 1835 and 1836, at the dates indicated on the plate. 

The two black spots represented in figs. 2, 3, and 4, were those 
by which the time of rotation was determined. They were first 
observed by Madler, on the 3rd November, 1834 The effect of 
the rotation on these spots was so apparent that their change of 
position with relation to the centre of the disc, in the short 
interval of five minutes, was quite perceivable. A third spot, 
much more faint than these, was visible at the same time, the 
distances separating the spots being about 24" of the planet's 
surface. It was estimated that the diameter of each of the two 
spots represented in the diagrams was 3,680 miles, and the 
distance between them was sometimes observed to increase at 
the rate of half a degree, or 330 miles, in a month. The areas 
of these spots must therefore have been nearly equal to a fourth 
part of the entire surface of the earth. The two spots continued 
to be distinctly visible from the 3rd of November, 1834, when 
they were first observed, until the 18th of April, 1835 ; but 
during this interval the streak on which they were placed had 
entirely disappeared. It became gradually fainter in January 
(see fig. 4), and entirely vanished in February : the spots, how- 
ever, retaining all their distinctness. The planet, after April, 
passing towards conjunction, was lost in the light of the sun ; 
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and when it re-appeared in Augnst, after conjunction, the spots 
bad altogether vanished. 

The observations being continued, the drawings (figs. 5 and 6), 
were made from observations on the 16th and 17th of Januaiy, 
1836, when the entire aspect of the disc was changed. The two 
figures (5 and 6) represent opposite hemispheres of the planet. 

It was remarked that the two spots, when carried round by 
the rotation, became invisible at 66' to 67° from the centre o^ 
the disc. This is an effect which would be produced if th^ 
spots were openings in the mass of clouds floating in the atmo- 
sphere of the planet. Their disappearance on moving from the 
centre of the disc would be caused by their deep sides inter- 
cepting the view of their bottom, just as we should lose sight of 
a railway in a deep cutting, if, being placed at the edge of the 
cutting, we were to withdraw to some distance from it. 

A proper motion with a slow velocity, and in a direction con- 
trary to the rotation of the planet, was observed to affect the 
spots, and this motion continued with greater uniformity in March 
and April, after the disappearance of the belt. 

It was calculated that the velocity of their proper motion over 
the surface of the planet was at the rate of from three to four 
miles an hour. 

Although the two black spots were not observed by Madler 
until the first days of November, they had been previously seen 
and examined by Schwabe, who observed them to undergo 
several cuiious changes, in one of which one of them disappeared 
for a certain interval, its place being occupied by a mass of fine 
dots. It soon, however, re-appeared as before. 

From all these circumstances, and many others developed in 
the course of his extensive and long-continued observations, 
Madler considers it highly probable, if not absolutely certain, 
these vast masses of clouds have a permanence of form, position, 
and arrangement to which there is nothing analogous in the atmo- 
sphere of the earth, and that such permanence may in some 
degree be explained by the great length and very small variation 
of the seasons. He thinks it probable that the inhabitants of 
places in latitudes above 40^ never behold the firmament at all, 
and those in lower latitudes only on rare occasions. 

It is also probable that the bright yellowish general ground 
of Jupiter's disc consists of clouds, which reflect light much more 
strongly than the most dense masses which are seen illuminated 
by the sun in our atmosphere ; and that the darker streaks and 
spots observed upon the disc are portions of the atmosphere, 
either free from clouds and through which the surface of the 
planet is visible more or less distinctly, or clouds of less 
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density and less reflecting power tlian those which float over 
the general atmosphere and form the ground on which the belts 
and spots are seen. 

That the atmosphere has not any very extraordinary height 
above the surface of the planet is proved by the sharply defined 
edge of the disc. If its height bore any considerable proportion 
to the diameter of the planet, the light towards the edges of the 
•disc would become gradually fainter, and the edges would be 
nebulous and ill-defined. The reverse is the case. 

13. One of the most remarkable consequences of the rotatory 
motion, which has been the means of giving to the inhabitants 
of the earth the alternations of day and night, is that its figure 
has been changed from that of a perfect sphere to an oblate 
spheroid ; that is, a globe flattened at the poles. This has been 
already explained 

If the diurnal rotation of the earth were mor^d rapid than it is, 
this polar flattening would be more considerable. In short, the 
degree of oblateness, or the proportion in which the polai* axis is 
;fihorter than the equatorial diameter, depends on the time of 
rotation in such a manner, that this time being known, that pro- 
portion can be computed, or vice versd. 

"Now, the rotation of these major planets being ascertained, 
and being much more rapid than that of the earth, it would 
follow that they must be oblate spheroids, and that their degree 
of oblateness must be much greater than that of the earth. 
'Observation fully confirms this. 

The disc of Jupiter, seen with magnifying powers as low as 30, 
is evidently oval, the lesser axis of the ellipse coinciding with 
the axis of rotation, and being perpendicular to the general 
direction of the belts ; as in the case of the earth, the degree of 
oblateness of Jupiter is found to be that which would be produced 
upon a globe of the same magnitude, having a rotation such 
-as the planet is observed to have. 

At the mean distance from the earth, the apparent diameters 
K)f the disc are ascertained by exact micrometric measures 
to be— 

MiloB. 

Equatorial Diameter 38 '4 "=92080 

Polar Diameter 35-6''=85210 



Mean Diameter .... =88646 



The polar diameter is therefore less than the equatorial, in the 
ratio of 356 to 384, or 100 to 108 nearly. Other estimates give 
the ratio as 100 to 106. 
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This is just the proportion which would be produced by a 
rotation like that which Jupiter is ascertained to have. 

14. However agreeable may be the light of the moon in the 
^absence of the sun, that attendant is not indispensable to the 
well-being '^of the inhabitants of the eai'th ; and of the inner 
group of planets the earth alone has been supplied with such a 
supplement to the solar illumination. 

The planets constituting the outer group are, however, much 
more munificently provided with this convenience, each being 
supplied with so many moons that their nights must be per- 
petually moonlit. 

When Cralileo directed the first telescope to the examination 
of Jupiter, he observed four minute stars, which appeared in the 
line of the equator of the planet. He took these at first to be 
fixed stars, but was soon undeceived. He saw them alternately 
■approach to and recede from the planet, observed them pass 
behind it and before it, and oscillate, as it were, to the right 
and left of it, to certain limited and equal distances. He soon 
4irrived at the obvious conclusion that these were bodies which 
revolved round Jupiter in orbits, at limited distances, and that 
«ach successive body included the orbit of the others within it ; 
in short, that they formed a miniature of the solar system, in 
which, however, Jupiter himself played the part of the sun. As 
the telescope improved, it became apparent that these bodies 
were small globes, related to Jupiter in the same manner exactly 
as the moon is related to the earth ; that, in fine, they were a 
system of four moons, accompanying Jupiter round the sun. 

15. But connected with these appendages there is perhaps 
nothing more remarkable than the period of their revolutions. 
That moon which is nearest to Jupiter completes its revolution in 
forty-two hours. In that brief space of time it goes through all 
its various phases ; it is a thin crescent, halved, gibbous, and 
full. It must be remembered, however, that the day of Jupiter, 
instead of being twenty-four hours, is less than ten hours. This 
moon, therefore, has a month equal to a little more than four 
Jovian days. In each day it passes through one complete 
quarter ; thus, on the first day of the month it passes from the 
thinnest crescent to the half moon; on the second, from the 
half moon to the full moon ; on the third, from the full 
moon to the last quarter ; and on the fourth returns to con- 
junction with the sun. So rapid are these changes that they 
must be actually visible as they proceed. 

The apparent motion of this satellite in the firmament of 
Jupiter is at the rate of more than 8"* per hour, and is the same 
as if our moon were to move over a space equal to her own 
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apptrent diameter in rather less than four minutes. Such an 
object would serre the purpose of the hand of a stupendous 
celestial clock. 

The second satellite completes its revolution in about eighty- 
five terrestrial hours, or about eight and a half Jovian days. It 
passes, therefore, from quarter to quarter in twenty-one hours, 
or about two Jovian days, its apparent motion in the firmament 
being at the rate of about 4*25*^ per hour, which is as if our moon 
were to move over a space equal to nine tunes its own diameter 
per hour, or over its own diameter in less than seven minutes. 

The movements and changes of phase of the other two moons 
are not so rapid. The third passes through its phases in about 
170 hours, or seventeen Jovian days, and its apparent motion is 
at the rate of about 1^ per hour. The fourth and last completes 
its changes in 400 hours, or forty Jovian days, and its apparent 
motion is at the rate of little less than l"* per hour, being double 
the apparent motion of our moon. 

Thus the inhabitants of Jupiter have four difiereut months, of 
four, eight, seventeen, and forty Jovian days respectively, 

16. Jupiter's moons differ from that of the earth, inasmuch as 
all of them move in the plane of the planeVs equator, from which 
. plane the sun can never depart further than about 3^ At and 
for a considerable time before and after the Jovian equinoxes, the 
sun is so very near the planet's equator that each of the moons, 
which never leave that equator, must necessarily pass between 
the Sim and the planet every revolution. It follows, therefore, 
that for a long interval before and after each of the equinoxes^ 
solar eclipses will be produced by each of the four moons every 
revolution. These eclipses, however, will be visible only at 
certain low latitudes. The inhabitants of the higher latitudes 
in either hemisphere will be so far removed from the common 
direction of the moons and sun, or what is the same, from the 
plane of the Jovian equator, that the visual line directed to the 
sun will be clear of the moons. 

The shadow of this vast globe is so prodigious in its dimen- 
sions that the three inner moons never pass behind Jupiter 
without passing through it. They are therefore invariably 
eclipsed every revolution ; and since at the time these moons 
would appear full they are in direct opposition to the sun, they 
are then plunged in the shadow, and therefore eclipsed. The 
Jovians consequently never see any of these three moons when 
they are full. 

The fourth or most remote of the moons is, like the others, 
generally eclipsed every revolution ; but at the Jovian seasons 
of midsummer and midwinter, for a certain interval, the sun, and 
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consequently the shadow of the planet, are sufficiently removed 
from the plane of the planet's equator to enable this moon to 
dear the boundary of the shadow, and to pass through oppo- 
sition without entering it. This is the only case in which any of 
the moons can ever pass through opposition without also passing 
through the shadow of the planet^ and consequently the only 
^mes the Jovians ever enjoy the spectacle of a full moon. 

When these circumstances are combined with the rapid revo- 
lution of the moons, it will be easily understood that the celestial 
phenomena of the Jovians must offer great variety, and that 
their chronology must be curiously complicated^ A total lunar 
eclipse of the first or nearest moon must take place every forty- 
two terrestrial hours, that is, every fourth Jovian day ; and for 
a long interval before and after the equinoxes a total or partial 
solar eclipse must take place at like intervals, being alternated 
with the lunar eclipses, and separated from them by intervals of 
only twenty-one terrestrial hours, or two Jovian days. 

The same phenomena exactly take place with relation to the 
second satellite, at intervals of 3^ terrestrial, or about 8} Joviau 
days ; to the third at intervals of 7 terrestrial, or 17 Jovian days ; 
and to the fourth at intervals of 16^ terrestrial, or 40 Jovian days, 
subject, nevertheless, with respect to the last, to an interruption at 
the Jovian summer and winter, from the cause already explained. 

17. The appearance which the satellites of Jupiter present 
when viewed with a telescope of moderate power, is that of 
minute stars ranged in the direction of a line drawn through the 
centre of the planet's disc, nearly parallel to the direction of the 
belts, and therefore coinciding with that of the planet's equator. 

The entire system is comprised within a visual area of about 
two-thirds oi the apparent diameter of the moon. I( therefore, 
We conceive the moon's disc to be oentrically superposed on that 
of Jupiter, not only would all the satellites be covered by 
it, but that which elongates itself most from the planet would 
not approach nearer to the moon's edge than one-sixth of its 
apparent diameter. 

If all the satellites were at the same time at their greatest 
apparent distances from the planet, they would, relatively to 

Fig. r. 




the apparent diameter of the planet, present the appearance 
represented in fig. 7. 
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Bj comparing their real diameters with their distances, the 
apparent diameters of the seyeral satellites, as seen from Jupiter,, 
may be easily ascertained* 

18. The first satellite has an apparent diameter equal to that of 
the moon ; the second and third are nearly equal and about half 
that diameter ; and the apparent diameter of the other satellite 
is about the fourth part of that of the moon. 

It may be easily imagined what various and interesting 
nocturnal phenomena are witnessed by the inhabitants of Jupiter, 
when the various magnitudes of these four moons are combined 
with the quick succession of their phases and the rapid apparent 
motions of the first and second. 

The motions of the first three satellites are so related that 
they never can be at the same time on the same side of Jupiter ; 
so that whenever any one of them is absent from the «fovian 
firmament at night, one at least of the others must be present. 
The nights are, therefore, always moonlit, except during 
eclipses, and often enlightened at once by three moons of different 
apparent magnitudes, and seen under different phases. 

19. Of all the planets either of this or the terrestrial group, 
that which presents to the astronomical observer the most 
astonishing spectacle is Saturn — a stupendous globe, nearly 90O 
times greater in volume than the earth, surroimded by two, at 
least, and probably by several thin flat rings of solid matter, 
outside which revolve a group of eight moons ; this entire system 
moving with a common motion so exactly maintained that no 
one part falls upon, overtakes, or is overtaken by another in 
their course around the sun. 

Such is the Sattjrnian system, the central body of which was 
known as a planet to the ancients, the annular appendages and 
satellites being the discovery of modem times. 

The distance of Saturn from the sun is so enormous that if 
the whole earth's orbit, measuring nearly 200,000000 of miles in 
diameter, were filled with a sun, that sun seen from Saturn 
would be only about 24 times greater in its apparent diameter 
than is the actual sun seen from the earth. A cannon-ball 
moving at 500 miles an hour would take about 200 years ; and a 
railway train moving 60 miles an hour would take about 2000 
years to move from Saturn to the sun. light, which moves at the 
rate of nearly 200000 miles per second, takes 1 hour 15 minutes 
to move over the same distance. Yet to this distance solar gravi- 
tation transmits its mandates, and is obeyed with the utmost 
promptitude and the most unerring precision. 

Taking the diameter of Saturn's orbit at 1800,000000 of 
miles, its circumference is 5650,000000 of miles, over which it 
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moves in 10759 days. Its daily motion is therefore 525140 
miles, and its hourly 21880 miles. 

20. All that has been said above respecting the atmosphere, the 
diurnal rotation, and their consequences, the clouds, atmospheric 
currents, trade-winds, and oblate figure in the case of Jupiter, 
may be applied without any important modification to Saturn. 

This planet is attended by eight moons, four of which, like 
those of Jupiter, are remarkable for their proximity to the 
planet, three being at distances considerably less than that of 
the terrestrial moon from the earth, and the fourth at nearly 
the same distauce. Of the four other moons, the most remote^ 
is ten times further from Saturn than the terrestrial moon 
is from the earth, and the nearest is about one half more 
distant. 

The distances of moons are, however, more justly estimated 
relatively to the planets they attend, by expressing them in 
semi-diameters of the planet. If thus expressed, the moons of 
Saturn are on a scale ot distance very much less than that of 
the terrestrial moon. The distance of the most remote is 
64 semi-diameters of Saturn, while that of the nearest is little 
more than 3 semi-diameters. The distance of the terrestrial 
moon from the earth is 60 semi-diameters. 

Great, however, as these distances are, they are reduced tf> 
a very smaU apparent measure, owing to the remoteness of the- 
Satumian system from the earth. If the centre of the terres- 
trial moon were to come upon the centre of Saturn's disc, the 
most remote of his satellites could not approach nearer to the 
edge of the moon's disc than one-third of the moon's semi- 
diameter. Thus, although the Saturnian system fills a space 
measuring about 5,000000 of miles in its extreme breadth, this 
entire space would be covered by the moon's disc, even if that 
disc had a diameter one-third less than its actual diameter. 

All that has been said of the phases and appearances of the 
moons of Jupiter, as presented to the inhabitants of that planet, 
is equally applicable to the satellites of Saturn, with this dif- 
ference, that instead of four> there are eight moons continually 
revolving round the planet, and exhibiting all the monthly 
changes to which we are accustomed in the case of the solitary 
satellite of the earth. 

The periods of Saturn's moons, like those of Jupiter, are short, 
with the exception of those most remote from the primary. The 
nearest passes through all its phases in 22^ hours, and the fourth, 
counting outwards, in less than 66 hours. The next three have 
months varying from 4 to 22 terrestrial days. 

These seven moons move in orbits whose planes are nearly 
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coincident with the plane of the Satnmian equator. The conse- 
quence of this an*angement is, that they are always visible by 
the inhabitants of both hemispheres when they are not eclipsed 
by the shadow of the planet. 

The motion of the nearest moon is so rapid as to be per- 
ceiYable by the Satumians like that of the hour-hand of a 
colossal timepiece. It describes 360° in 22| hours, being at the 
rate of 16* per hour, or 16' per minute, so that in two minutes it 
moves over a space equal to the apparent diameter of the moon. 

The eighth, or most remote satellite, is in many respects ex- 
ceptional, and different from all the others. Unlike these, it 
moves in an orbit inclined at a considerable angle to the plane of 
the equator. 

Owing to the great distance of Saturn, the dimensions of the 
satellites have not been ascertained. The sixth in order, proceed- 
ing outwards, called Titan, is, however, known to be the largest, 
and it appears certain that its volume is little less than that of 
the planet Mars. The three satellites immediately within this, 
Bhea, Dione, and Tethys, are smaller bodies, and can only be 
seen with telescopes of great power. The two nearest, Enceladus, 
and Mimas, require instruments of the very highest power and 
perfection, and atmospheric conditions of the most favourable 
nature, to be observable at all. 

The real magnitudes of the satellites, the sixth excepted, being 
unascertained, nothing can be inferred with any certainty 
respecting their apparent magnitudes as seen from the surface of 
Saturn, except what may be reasonably conjectured upon analogies 
to other like bodies of the system. The satellites of Jupiter 
being all greater than the moon, while one of them exceeds 
Mercury in magnitude, and another is but little inferior in 
volume to that planet, it may be assumed with great probability 
of truth that the satellites of Saturn are at least severally 
greater in their actual dimensions than our moon. 
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1. If the estimate of the real magnitades of the satellites, 
given at the conclusion of the last chapter, be admitted, their 
probable apparent magnitades as seen from Saturn may be 
mferred from their distances. The distance of the first, Mimas, 
from the nearest part of the surface of the planet, is only 
9-^000 miles, or about 2^ times less than the distance of the 
moon ; the distance of the second is about half that of the moon ; 
that of the third about two-thirds, and that of the fourth 
about fivensixths, of the moon's distance. ' If these bodies, there- 
fore, exceed the moon in their actual dimensions, their apparent 
magnitudes as seen from Saturn will exceed the apparent 
magnitude of the moon in a still greater ratio than that in which 
the distance of the moon from l£e earth exceeds their several 
distances from the surface of Saturn. Of the remaining satellites, 
little is as yet known of the seventh, Hyperion, which has only 
been recently discovered ; and the great magnitude of the sixth. 
Titan, renders it probable that, notwithstanding its great 
distance, it may still appear to the Satomians with a disc as 
great as that of the terrestrial moon. 

2. All that has been observed respecting the remarkable 
appearances presented by the rapidly varying phases of Jupiter's 
moons is equally applicable to Saturn ; the spectacle, however, 
being enriched and varied by twice the number of moons. Since 
the first satellite changes from the thinnest crescent to the half 
moon in five hours and a half (terrestrial), the gradual change of 
phase must be as visible as the moticoi of the hand of a timepiece. 
The second changes at a rate only one-half slower, that is, it passes 
from a thin crescent to the half moon in eight hours. The first 
passes from the state of the new to that of the full moon in 
eleven, and the second in sixteen hours. The interval between 
new and full moon for the third is twenty-two hours ; for the 
fourth, thirty-two hours ; for the fifth, fifty-three ; for the sixth^ 
eight terrestrial days ; for the seventh, eleven ; and for the 
eighth, forty. 

3. The eclipses, solar and lunar, produced and suffered by these 
eight satellites are not so frequent and regular as those described 
as taking place in the Jovian system, because Saturn's equator 
is inclined to the sun's course at an angle of nearly 27% con- 
siderably greater than the obliquity of the ecliptic, the conse- 
quence of which is that the sim, at and near the Satumian 
midsummer and midwinter, departs to a great apparent 
distance firom the equator, to which the motion of the satellites 
(except the eighth) is confined. For the same reason, the 
satellites depait further from the centre of the shadow, and all 
except the nearer ones generally move clear of the shadow in 
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opposition. The Satumians, therefore, Lave the advantage over 
the Jovians of witnessing the firequently recurring spectacle of 
several full moons in their firmament. 

4. The invention of the telescope having invested astrono- 
mers with the power of approaching, for optical purposes, hun- 
dreds of times closer to the objects of their observation, one of 
the earliest results of the exercise of this improved sense was the 
discovery that the disc of Saturn differed in a remarkable 
manner from those of the other planets in not being circular. 
It seemed at first to be a flattened oblong oval, approaching to 
the form of an elongated rectangle, rounded off at the comers. 
As the optical powers of the telescope were improved, it assumed 
the appearance of a great central disc, with two smaller discs, 
one at each side of it. These lateral discs, in fine, took the 
appearance of handles or ears, like the handles of a vase or jar, 
and they were accordingly called the ansss of the disc, a name 
which they still retain. At length, in 1659, Huygeus explained 
the true cause of this phenomenon, and showed that the planet 
is surrounded by a ring of opaque solid matter, in the centre of 
which it is suspended, and t^at what appear as ansae are those 
parts of the ring beyond the disc of the planet at either side, 
which by projection are reduced to the form of the parts of an 
ellipse near the extremities of its greater axis, and that the 
open parts of the ansad are produced by the dark sky visible 
through the space between the ring and the planet. 

The improved telescopes, and greatly multiplied number and 
increased zeal and activity of observers, have supplied much 
more definite infoiination as to the form, dimensions, structure, 
and position of this most extraordinary and unexampled 
appendage. 

It has been ascertained that it consists of an annular plate 
of matter, the thickness of which is very inconsiderable compared 
with the superficies. It is nearly, but not precisely, concentric 
with the planet^ and in the plane of its equator. This is proved 
by the coincidence of the plane of the ring with the general 
direction of the belts, and with that of the apparent motion of 
the spots by which the diurnal rotation of the phmet has been 
ascertained. 

When telescopes of adequate power are directed to the ring 
presented under a favourable aspect, dark streaks are seen upon 
its surface % tnilar to the belts of the planet. One of these 
having been observed to have a permanence which seemed incom- 
patible with the admissi6n of the same atmospheric cause as 
that which has been assigned to the belts, it was conjectured 
that it arose from a rea] separation or division of the ring into 
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two concentric rings placed one within the other. This conjec- 
ture was converted into certainty by the discovery that the 
same dark streak is seen in the same position on both sides of 
the ring. It has even been affirmed by some observers that 
stars have been seen in the space between the rings ; but this 
requires confirmation. It is, however, considered as proved 
that the system consists of two concentric rings of unequal 
breadth, one placed outside the other, without any mutual 
contact. 

5. While the planet is carried round the sun in its orbital 
motion, the rings are presented to the view of observers situate 
on the earth under different aspects. In two positions of the 
planet at opposite pointe of its orbit the ring is seen edgeways, 
its plane then passing through the earth. It assumes these 
positions at intervals of about fifteen terrestrial years, or half a 
Saturnian year. If the ring were thick enough to be distinctly 
visible, and if its thickness were uniform, it would at these times 
have the appearance represented in ^g, 1. 



Fig. 1, 




As it moves from these positions the rings become inclined 
at a sensible angle to the visual line, and this angle increasing 
Pig. 2. 




fwm year to year, they appear more and more open, as repre- 
sented m fig. 2; until, after an interval of 7| yeai^ or a quarter 



THEIB PHASES. 

of a SatamiaQ year, the plane of the rings forms the greatest 
possible angle, about 28°, with the visual line. At this time 
the appearance of the rings would be such as is represented iu 
fig. 3. 

Fig.S. 




The times at which the rings are presented edgeways to the 
earth are very nearly identical with those of the Saturnian 
equinoxes. The last which took pla(^ was in 1848, and the next 
will consequently be in 1863. 

6. In 1848, the ring being presented edgeways, some very 
interesting and curious observations were made upon it by 
Figs. A, 5. 




M. Julius Schmidt, at the Observatory at Bonn. It was found 
that the ring, instead of appearing as an even, thin line of light 
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sncli as la represented in fig. 1, appeared as a broken and 
nneven line. 

We have selected from the telescopic drawings made on that 
occasion by M. Schmidt, four, which are shown in Figs. 4, 5, 6, 7. 
These are intended only to represent the appearances of the edge 
of the rings, and not of the streaks on the d^k of the planet 

Fig. i represents the ring as seen en the 26th Jnne. 
Fig. 6 „ „ „ 3rd Sept. 

Fig. 6 ,, „ „ 5th Sept. 

Fig. 7 „ „ „ 11th Sept. 

7. This singular appearance must arise from great mountainous 
inequalities on the surfietce of the ring, rendering it much thicker 
at some parts than at others. At some parts it is too thin to 
be visible at Saturn's distance, while at the parts rendered 
thicker by lofty mountains, it is apparent. 

Figs. 0^7. 




8. The breadth of the rings, as well as of the intervals which 
separate them from each other and from the planet, have been 
submitted to very precise micrometric observations; and the 
results obtained by different observers do not differ from each 
other by a fortieth part of the whole quantity measured. In the 
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following table are given the results of the micrometric observer 
tions of Professor Stmye, reduced to the mean distance. 



Semi-diameter of the planet . 
Exterior semi-diameter of exterior ring . 
Interior do. do. . 

Breadth of exterior ring . . . • 
Exterior semi-diameter of interior ring . 
Interior do. do. • 

Breadth of interior ring . . • • 
Width of interval between the rings 
Width of interval between planet and "I 

interior ring . . . , j 
Breadth of the double ring, including 1 

interval j 





|| 


o 






-It 


|i 


Miles. 




1^ 


5 




r 


8" -996 


1-000 


39,680 


a 


20-047 


2-229 


88,209 


o' 


17-644 


1-961 


77,636 


a — a' 


2-403 


0-268 


10,673 


b 


17-287 


1-916 


76,845 


V 


13-334 


1-482 


68,669 


6— J' 


3-903 


0-434 


17,176 


a'— d 


0-407 


0-046 


1,791 


J'— r 


4-339 


0-482 


19,089 


a—bf 


6-718 


0-747 


29,640 



The relative dimensions of the two rings, and of the planet 
within them, are represented in fig. 8 projected upon the commbii 
plane of the rings and the planet^s equator. Each division of 
the subjoined scale represents 5000 miles. 

9. The most surprising result of recent telescopic observations 
of this planet has been the discovery of a ring, composed, as 
it would appear, of matter reflecting light much more imperfectly 
than the planet or rings already described ; and, what is still 
more extraordinary, transparent to such a degree that the body 
of the planet can be seen through it. 

In 1838, Dr. Galle, of the Berlin observatory, noticed a phe- 
nomenon, which he described as a gradual shading off of the 
inner ring towards the surface of the planet, as if the solid 
matter of the ring were continued beyond the limit of its 
illuminated surface, this continuation of the surface being 
rendered visible by a very feeble illumination, such as would 
attend a penumbra upon it; and measures of this obscure 
surface were published by him in the ^Berlin Transactions" of 
that year. 

The subject, however, attracted very little attention until 
towards the close of 1850, when Professor Bond, of Boston, and 
Mr* Dawes, in England, not only recognised the phenomenon 
noticed by Dr. Galle, but ascertained its character and feature* 
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with great precision. The observations of Professor Bond were 
not known in England nntil the 4th of December ; but the 
phenomenon was very folly and satisfactorily seen and described 




by Mr. Dawes, on the 29th ot November. That astronomer, on 
the 3rd of December, called the attention of Mr. Lassell to it, 
who also witnessed it on that evening at the observatory of 
Mr. Dawes ; and both immediately published their observations 
and descriptions of it, which appeared in Europe simultaneously 
with those of Professor Bond. 

It was not, however, until 1852 that the transparency was 
fully ascertained. From some observations made in September, 
Mr. Dawes strongly suspected its existence ; and about the samo 
time it was clearly seen at Madras by Captain Jacob, and in 
October by Mr. Lassell at Malta, whither he had removed his 
observatory to obtain the advantages of a lower latitude and more 
serene sky. The result of these observations has been the con- 
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elusive proof of the unique phenomenon of a semi-transparent 
annular appendage to this planet. 

10. The planet surrounded by this compound system of rings 
is represented at the head of this chapter. The drawing is 
reduced from the original sketch, made by Mr. Dawes. The 
principal division of the bright rings is visible throughout its 
entire circumference. The black line, supposed to be a division 
of the outer ring, is visible in the drawing of Mr. Dawes ; but 
was not at all seen by Mr. Lassell. 

A remarkably bright thin line, at the inner edge of the inner 
bright ring, was distinctly seen by Mr. Dawes in 1851 and 1852; 

The inner bright ring is always a little brighter than the planet. 
It is not, however, uniformly bright. Its illumination is most 
intense at the outer edge, and grows gradually fainter towards 
the inner edge, where it is so feeble as to render it somewhat 
difficult to ascertain its exact limit. It would seem as if the 
imperfectly reflective quality there approaches to that of the 
obscure ring recently discovered. The open space between the 
ring and the planet has the same colour as the surrounding sky. 

11. The rings must obviously form a most remarkable object in 
the firmament of Satumian observers, and must play an important 
part in their uranography. The problem to determine their 
apparent magnitude, form, and position, in relation to the fixed 
stars, the sun, and Satumian moons, has, accordingly, more or 
less engaged the attention of astronomers. It is nevertheless a 
singular fact that, although the subject has been discussed and 
examined by various authorities for three quarters of a century, 
the conclusions at which they have arrived, and the views which 
have been generally expressed and adopted respecting it, are 
completely erroneous. 

12. In the Berlin Jakrhmh for 1786, Professor Bode published 
an essay on this subject, which, subject to the imperfect knowledge 
of the dimensions of the rings which had then resulted from the 
observations made upon them, does not seem to difl^er materially 
in principle from the views adopted by the most eminent astrono- 
mers of the present day. 

Sir John Herschel, in his "Outlines of Astronomy," edit. 
1849, states that the rings as seen from Saturn appear as vast 
arches spanning the sky from horizon to horizon, holding an 
almost invariable situation among the stars ; and that, in the 
hemisphere of the planet which is on their dark side^ a solar 
eclipse of fifteen years* duration takes place. 

This statement, which has been reproduced by almost all 
writers both in England and on the continent, is incorrect in 
both the particulars stated. Firsts the rings do not hold an 

57 



THS PLAKBTS, ASB THBY INHABITED? 

jdmost inTariable position among the stars. On the contraiy, 
their position with relation to the fixed stars is subject to a 
•change ao rapid that it most be sensible to Satornian obsenrers, 
ihe stars seen on one side of the rings passing to the other side 
from hour to hour. SectmHi^f no such phenomenon as a solar 
eclipse of fifteen years* duration, or any phenomenon bearing 
the least analogy to it, can take place on any part of the globe 
of Saturn. 

Among the continental astronomers who have recently 
reviewed this question, the most eminent is Dr. Madler, to whose 
observations and researches science is so largely indebted for the 
information we possess respecting the physical character of the 
surface of the Moon and Mars. 

This astronomer nudntains, like Herschel, that the rings hold 
« fixed position in the firmament, their edges being projected on 
parallels of declination, and that, consequently, all celestial 
objects are carried by the diurnal motion in circles parallel to 
them, so that in the same latitude of Saturn the same stars are 
always covered by the rings, and the same stars are always seen 
at the same distance from them. 

This is also incorrect. The zones of the firmament covered 
by the rings are not bounded by parallels of declination, but by 
curves which intersect these parallels at various angles. 

Dr. MSdler enters into elaborate calculations of the solar 
eclipses which take place during the winter half of the Satur- 
nian year. He computes the duration of these various'eclipses in 
the different latitudes of Saturn, and gives a table, by which it 
would appear that the solar eclipses which take place behind 
the inner ring vary in length from three months to several 
years, that the duration of the eclipses produced by the outer 
ring is still greater, and that the duration of the appearance of 
the sun in the interval between the rings varies in different 
latitudes from ten days to seven and eight months.* 

These various conclusions and computations of Bode, Herschel, 
Madler, and others, and the reasoning on which they are based, 
are altogether erroneous ; and the solar phenomena which they 
describe have no correspondence with, nor any resemblance to, 
the actual uranographical phenomena. 

13. The problem of the appearance of the system of rings in 
the Satumian firmament, and their effect in occulting and 
eclipsing occasionally and temporarily the sun, the eight moons, 
and other celestial objects, was fuUy discussed, and, for the 
first time, definitely solved in a memoir by the author of 

* See Populare Astronomie, yon Dr. J. H. Mlldler. IBeillii, 1852. 
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these pages, read to the Boyal Astronomical Society in 1853, and 
published in the twenty-second volume of their '^ Transactions.*' 

It is there demonstrated that the infinite skill of the Great 
Architect of the Universe has not permitted that this stupendous 
annukr appendage, the uses of which still remain undiscovered, 
should be the cause of such darkness and desolation to the 
inhabitants of the planet, and such an aggravation of the rigours 
of their fifteen years* winter, as it has been inferred to be from 
the reasoning of the eminent astronomers already named, as well 
as many others, who have either adopted their conclusions, or 
arrived at like inferences by other arguments. 

It is shown, on the contrary, that, by the apparent motion of 
the heavens, produced by the diurnal rotation of Saturn, the 
celestial objects, including, of course, the sun and the eight 
moons, are not carried parallel to the edges of the rings, as has 
been hitherto supposed ; that they are moved so as to pass alter- 
nately from side to side of each of these edges ; that in general 
such objects as pass under the rings are only occulted by them 
for short intervals before and after their meridional culmina- 
tion; that although under some rare and exceptional circumstances 
and conditions, cei*tain objects, the sun being among the number, 
are occulted from rising to setting, the continuance of such 
phenomenon is not such as has been supposed, and the places of 
its occurrence are far more limited. In short, it has no such 
character as would deprive the planet of any essential condition of 
habitability. 

Tig. 9. 




14. The appearance which the ring presents to the Satumians 
must vary very much with the latitude of the observer and the 
season of the year. In the summer half-year, the observer and 
the sun being on the same side of the ring, it will present the 
appearance of an arch in the heavens, bearing some resemblance 
in its form to a rainbow, the surface, however, having an 
appearance resembling that of the moon. 
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The vertex or highest point of this arch will be upon his meri- 
dian, and the two portions into which it will be divided by the 
meridian will be equal and similar, and will descend to the 
horizon at points equally distant from the meridian. The 
apparent breadth of this illuminated bow will be greatest upon 
the meridian, and it will decrease in descending on either side 
towards the horizon, where it will be least. The division between 
the two rings will be 'apparent, and, except at places within a 
very short distance of the equator, the firmament will be visible 
through it. 

The distance of the edge of the bow from the celestial equator 
will not be everywhere the same, as it has been erroneously 
assumed to be. That part of the bow which is upon the meridian 
will be most remote from the celestial equator ; and in descend- 
ing from the meridian on either side towards the horizon, the 
declination of its edge will gradually decrease, so that those 
points which rest upon the horizon will be nearer to the equator 
than the other points. 

15. Some idea may be formed of the varieties of appearance 
presented by the ring to observers in different latitudes of the 
planet, by imagining an observer starting from that Saturnian 
pole which is on the same side of the ring as the sun, to travel 
along a meridian towards the equator. At ^rst the convexity of 
the planet will intercept all view whatever of the ring, and 
this, as has been shown in the memoir already referred to, will 
continue until he has descended below the latitude 63" SO' 38". At 
this latitude the ring will just touch his horizon, and will 
continue to be more and more seen until he descends to latitude 
47*' 33' 51", when both rings will be seen as represented in fig. 9. 

Fig. 10. 




In descending to lower latitudes, more and more of the rings 
will rise above the horizon, and they will assume the form of a 
double bow, as represented in ^g. 10. 

As the observer descends lower and lower in latitude, the bow 
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will take a higher and higher position, and will span a greater 
portion of the firmament, as represented in figs. 11, 12, 13. 

It will be observed that, in all cases, the width of the bow 
decreases from the meridian to the horizon,, and also decreases 
with the latitude of the observer. 

Fig. 11. 




Fig. 12. 




Fig. 13. 




In fig. 14 is represented a portion of the ring, with the satel- 
lites BS they appear above, showing different lunar phases. 

We must refer those who may desire to pursue the Urano- 
craphy of Saturn into its details to the memoir already cited, 
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publiahed in the "Transactions of the Boyal Astronomical 
Society f and to Chapter XV. of Dr. Lardner's " Astronomy.** 

Fig. 14. 




16. We have thus presented the reader with a brief and rapid 
sketch of the circumstances attending the two chief groups of 
globes which compose the solar system, and have explained the 
numerous and striking analogies which, taken together, amount 
to a demonstration that, in the economy of the material universe, 
these glo|;)es must subserve the same purposes as the earth, and 
must be the dwellings of tribes of organised creatures, having a 
corresponding analogy to those which inhabit the earth. 

17. The differences of organisation and character which would 
be suggested as probable or necessary by the different distances 
of the several planets from the common source of light and heat, 
and the consequent differences of intensity of these physical 
agencies upon them, by the different weights of bodies on their 
surfaces, owing to the different intensities of their attractions on 
such bodies ; by the different intervals which mark the alter* 
nations of light and darkness ; are not more than are seen to 
prevail among the organised tribes, animal and vegetable, which 
inhabit different regions of the earth. The animals and plants 
of the tropical zones differ in general from those of the temperate 
and the polar zones ; and even in the same zone we find different 
tribes of organised creatures flourish, at different elevations above 
the level of the sea. There is nothing more \lronderful than this in 
the varieties of organisation suggested by the various physical 
conditions by which the planets are affected. 

But these arguments and analogies will acquire great additional 
force, when it is shown that the other bodies composing the solar 
system are not furnished with like provisions, and exhibit none 
of the fitness, for the dwelling-places of such tribes. 

18. The Sun, as will be shown in another part of this series, is 
a vast globe, invested with an ocean, or rather an atmosphere, 
of flame, in which the most astonishing convulsions and eruptioDs 



RECAPITULATION. 

are eontrntially manifested. Here is no moderated and regulated 
temperature^ no alternations of light and darkness, no successioiv 
of seasons, no varieties of climate, no divisions of land and water. 
The sun is, in fact, a vast globular furnace, the heat emitted from 
each square foot of which is seven times greater than the heat 
which issues from a square foot of the fiercest blast furnace. 
Such is the intensity of this heat, that although the distance of 
the earth from the sun is little less than 100,000000 of miles, 
and although the surface of the earth, by reason of its diurnal 
rotatioD, is withdrawn from the sun's direct influence during^ 
alternate intervals of twelve hours, yet the total quantity of heat 
received by the earth from the sun in a year is sufficient, if uni-^ 
formly diffased over its surface^ to liquefy a crust of ice covering 
it 100 feet thick ! 

It follows from this that the average heat received by each 
square foot of the earth's surface from the sun .in a year would 
be sufficient to dissolve 5400 lbs. weight of ice. 

How entirely removed from all analogy with the earth such & 
globe of fire must be, is apparent. 

19. The moon, on the other hand, while it has nothing in 
common with the sun, is not the less destitute of all those 
analogies to the earth which suggest habitability. We shall, on 
another occasion, explain fully the circumstances attending our 
satellite. For the present, it will be sufficient to observe that it 
has no atmosphere, no clouds, no water or other liquids, no* 
intervals of light and darkness, bearing any analogy to our days 
and nights; that its surface bristles with one unbroken con- 
tinuity of rugged mountainous region more savage than the 
glaciers which crown the summits of the Alps, the Andes, or the 
Cordilleras, and that even in the valleys a temperature must 
prevail colder than that of our poles. ' 

It will therefore be easily imagined how little analogy such & 
globe has to the earth, and how utterly unsuited it would be for 
the habitation of organised tribes. 

20. Astronomical observation renders it probable that the 
satellites of the other planets are under physical conditions 
similar to that of the moon, and that, like the moon, they are 
deprived of the conditions of habitability. 

21. A numerous class of bodies, called comets, have been proved 
by modem observation to be connected by gravitation with the 
solar system. These bodies appear generally to be divested of 
all solidity, and to be masses of vaporous matter floating through 
the system. It is obvious that these can have no analogy to the 
earth. 

In the space between the two groups of planets which present 
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snch striking analogies to the earth, another group consisting of 
six or seven-and-twenty bodies, circulate round the sun, as 
represented in the plan of the system given in this tract^ Chap. 
1I-, fig. 1. The number of these is augmented every year by the 
discovery of some which were not before seen. 

22. These bodies, which have been called Planetoids or 
AsTEBOiDS, obey the law of gravitation in their motion round 
the sun. Their distances from that luminary are not only 
different one from another, but they differ from all the other 
planets in their extremely small magnitude. In the telescope 
they are seen as stars of the tenth or twelfrli magnitude, and 
their real magnitudes are so minute that they have never yet 
been certainly ascertained, notwithstanding the number and 
power of the telescopes that have been directed to them. 

As to their origin, and the parts they play in the economy of 
creation, nothing can be offered but the most vague and uncertain 
conjecture. According to the opinion of some, they are the 
minute fragments of a single planet, which has been smashed to 
pieces by collision with the solid nucleus of a comet, assuming 
the possible existence of such a body. According to others, the 
fracture may have been produced by internal explosion, arising 
from causes similar to those which produce earthquakes and 
volcanic phenomena. Others again reject altogether the hypo- 
thesis of the fracture of a formerly existing planet, and substitute 
for it the contrary hypothesis, that these numerous minute 
bodies are the germs or o^pstituent elements of a future planet, 
which will be formed by these bodies gradually coalescing into 
one globe, some of them, perhaps, assuming the character of 
satellites to it. 

These are speculations which, however ingenious and attractive^ 
are beside our present purpose. It is plain that the planetoids, 
as they now actually exist, present none of the analogies to the 
earth which are so conspicuous in the other planets. 
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THE NEW PLANETS. 

1.— Discovery of lihese planets. — 2. The old planets. — 3. Numerical law 
of their distances. — 4. A missing planet. — 5. Conjecture of Professor 
Bode.— 6. Discovery of Ceres.— 7. Of Pallas. — 8. Theory of Dr. 
Olbers — ^a broken planet. — 9. Discovery of Juno. — 10. Of Vesta. — 
11. Bapid discovery of the others. — 12. Table of the group. 
— 13. Circumstances corroborating the theory of Dr. Olbers. — 
14. Amateur astronomers. — 15. Minute bulk of these planets. — 
16. Corroboratory of Dr. Olbers' theory. — 17. Force of gravity upon 
them. 

1. Without being astronomers, every one who reads the 
newspapers must be familiar with the fact, that wit}iin the last 
few years a multitude of small planets has been discoyered, 
which, notwithstanding the vigilance and sagacity of observers, 
in various parts of Europe, had hitherto escaped notice. As the 
circumstances attending and preceding this extraordinary mass 
of astronomical discovery are novel and interesting, we propose at 
present to bring them before our readers. 
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2. Almost every one who knows anytliing beyond the limits of 
the most ordinary education, is aware that the solar system, as it 
was known until the last hundred years, consisted of six planets, 
which, proceeding outwards from the sun, received the mytholo- 
gical names of Mercury, Venus, the Earth orTellus, Mars, Jupiter, 
and Saturn. It is now about three-quarters of a century since the 
late Sir William Herschel added one to this number, by the dis- 
covery of the planet since called Uranus, revolving outside the 
orbit of Saturn. 

3. On comparing the successive distances of these several 
planets from tiie sim, it was observed by Kepler, that a remark- 
able numerical harmony prevailed among them. Thus, if we 
begin from the nearest planet to the . sun. Mercury, and measure 
the intervals between planet and planet proceeding outwards, it 
will be found that each successive interval is almost exactly 
double the one before, subject, nevertheless, to a striking excep- 
tion in the case of the interval between Mars and Jupiter. 

4. Although this remarkable arithmetical harmony was not 
fulfilled with that numerical precision which characterises some 
other astronomical laws, there was, nevertheless, so striking an 
approximation to it as to produce a strong impression, that it 
must be founded upon some physical cause, and not merely acci- 
dental. The near approximation to its exact fulfilment, supplied 
grounds for a very reasonable conjecture, that a planet was 
wanting in the system, whose position between Mars and Jupiter 
would be such as to fill the vacant place in the progression of 
distances. 

To show how strong the analogy was in favour of such a sup- 
position, we have placed in the following table the succession of 
calculated distances from Mercury's orbit, which will exactly 
fulfil it, in juxtaposition with the actual distances of the planets, 
the earth's distance from the sun being the tinit. 





Calculated distance 


Actual distance 


YeniiB 


firom Horcury. 


from Mercury. 


0-3362 


0-3362 


Earth .... 


0-6724 


0*6129 


Mars 


1-3448 


I -1 366 


Absent'planet . . 


2-6896 




Jupiter . 


5'379» 


4-8157 


Saturn . . • 


10-7584 


9-1517 


Uranus . 


21-5168 


187953 



By comparing these numbers, it will be apparent, that although 
the succession of distances does iiot correspond precisely with a 
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numerical series in duple progression, there is nevestheless a cer- 
tain approach to such a series, and at all events a glaring breach 
of continuity between Mars and Jupiter. 

5. Towards the close of the last century. Professor Bode, of 
Berlin/ revived this question of a deficient planet, and gave the 
numerical progression which radicated its absence in the form in 
which it has just been stated ; and an association of astronomers 
was formed under the auspices of the celebrated Baron de Zach, 
of Gotha, to organise and prosecute a course of observation, 
with the special purpose of searching for the supposed undis- 
covered member of the solar system. The very remarkable 
results which have followed this measure, the consequences 
of which have not even yet been fully developed, will presently 
be apparent. 

6. On the first day of the present century. Professor Piazzi 
observing in the fine serene sky of Palermo, noticed a small star 
of about the 7th or 8th magnitude which was not registered in 
the catalogues. On the night of the 2nd Jan. again observing it, he 
found that its position relative to the surroundiug stars was sen- 
sibly changed. The object appearing to be invested with a nebu- 
lous haze, he took it at first for a comet,, and announced it as such 
to the scientific world. Its orbit being, however, computed by 
Professor Gauss, of GQttingen, it was found to have a period of 
1652 days, and a mean distance from the sun expressed by 2'735, 
that of the earth being 1. 

By comparing this distance witii that given in the preceding 
table at which a planet was presumed to be absent, it will be seen 
that the object thus discovered filled the place with striking arith- 
metical precision. 

Piazzi gave to this new member of the system the name 
Cebes. 

7. Soon after the discovery of Ceres, the planet passing into 
conjunction ceased to be visible. In searching for it after emerg- 
ing from the sun's rays in March, 1802, Dr. Olbers noticed on the 
28th a small star in the constellation of Yirgo, at a place which 
he had examined in the two preceding months, and where he 
knew that no such object was then apparent. It appeared as a 
star of the seventh magnitude, tiie smallest which is visible 
without a telescope. In the course of a few hours he found 
its position visibly changed in relation to the surrounding stars. 
In fine, the object proved to be another planet, bearing a 
striking analogy to Ceres, and what was then totally unprece* 
dented in the system, moving in an orbit at very nearly the same 
mean distance from the sun, and having, therefore, nearly the 
same period. 
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Dr. Olbers called this planet Pallas. ^ 

8. This circumstance, combined with the exceptional minute- 
ness of these two planets, suggested to Olbers the startling, and 
then, as it must have appeared, extravagantly improbable hypo- 
thesis, that a single planet of the ordinary magnitude existed 
formerly at the distance indicated by Bode's analogy, — ^that it 
was broken into small fragments either by internal explosion from 
some cause analogous to volcanic action, or by collkion with a 
comet, — ^that Ceres and Pallas were two of its fragments, and in 
fine, that it was very likely that many other fragments, smaller 
still, were revolving in similar orbits, many of which might 
reward the labour of future observers who might direct their 
attention to these regions of the firmament. . 

In support of this curious conjecture, it was urged that in the 
case of such a catastrophe as was involved in the supposition, the 
fragments, according to the established laws of physics, would 
necessarily continue to revolve in orbits, not differing much in 
their mean distances from that of the original planet ; that the 
obliquities of the orbits to each other and to that of the original 
planet might be subject to a wider limit; that the. eccentricities 
might also have exceptional magnitudes ; and, finally, that such 
bodies might be expected to have magnitudes so indefinitely 
minute as to be out of all analogy or comparison, not only witb 
the other primary planetS| but even with the smallest of the 
secondary ones. 

Ceres and Pallas were both so small as to elude all attempts 
to estimate their diameters, real or apparent. They appeared 
like stellar points with no appreciable disk, but surrounded with 
a nebulous haziness, which would have rendered very uncertain 
any measurement of an. object so minute. Sir W. Herschel 
thought that Pallas did not exceed 7o miles in diameter. Others 
have admitted that it might measure a few hundred miles. Ceres 
is still smaller. 

The obliquity of the orbit of Ceres to the plane of the ecliptic 
i$ above 10J°, and that of Pallas more than 34|^ Both planets, 
therefore, when most remote from the ecliptic pass far beyond the 
}imits of the zodiac, and differ in obliquity from each other by 
a quantity far exceeding the entire inclination of any of the older 
planets* 

It was further observed by Dr. Olbers, that at a point hear the 
desjjcnding node of Pallas, the orbits of the two planets very nearly 
coincided. 

Thus it appeared that all the conditions which rendered these 
bodies exceptional, and in which they differed from the other 
members of the solar system, were precisely those which were 
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oonsisteht with the hj^tibesis of thoir origin advanced by 
Dr. Gibers. 

9. A year and a half elapsed before any further disoorery was 
produced to favour this hypothesis. Meanwhile, observers did 
not relax their zeal and their labours, and on Sept. 1, 1804, at 
ten o'clock, p.m., Professor Harding, of Lilienthal, discovered 
another minute planet, which observation soon proved to agree 
in all its essential conditions with the hypothesis of Gibers, 
having a mean distance very nearly equal to those of Ceres 
and Pallas, an exceptional obliquity of 13*', and a considerable 
eccentricity. 

This planet was named Juiro. 

Juno has the appearance of a star of the 8th magnitude, and a 
reddish colour. It was discovered with a very ordinary telescope^ 
of 30 inches focal length and 2 inches aperture. 

10. Gn the 29th of March, 1807, Dr. Gibers discovered another 
planet, under circumstances precisely similar to those already 
related in the cases of the former discoveries. The name Vesta 
was given to this planet, which, in its minute magnitude, and the 
character of its orbit, was analogous to Ceres, Pallas, and Juno. 

Vesta is the brightest, and, apparently, the largest of all this 
group of planets ; and, when in opposition, may be sometimes 
distinguished by good and practised eyes without a telescope. 
Observers differ in their impressions of the colour of this 
planet. Harding and other German observers consider her to 
be reddish ; others contend that she is perfectly white. Mr. Hind 
says that he has repeatedly examined her under various powers, and 
always received the impression of a pale yellowish cast in her light. 

11. The labours of the observers of the beginning of the century 
having been now prosecuted for some years without further results, 
were discontinued ; and it is probable that but for the admirable 
charts of the stars which have been since published, no other 
members of this remarkable group of planets would have been 
discovered.' These, however, containing all the stars up to the 
9th or 10th magnitude, included within a zone of the firmament 
SO' in width, extending to 15^ on each side of the celestial equator, 
supplied so important and obvious an instrument of research, that 
the subject was again resumed, with a better prospect of successful 
results. It was only necessary for the observer, map in hand, to 
examine, degree by degree, the zone within which such bodies are 
known to move, and to compare, star by star, the heavens with 
the map. When a star is observed which is not marked on the 
map, it is watched from hour to hour, and from night to night. 
If it do not change its position, it must be inferred that it has been 
omitted in the construction of the map, and it is marked upon it 
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in its proper place. If it oliange its position, it mnst be inferred 
to be a planet, and its orbit is soon calculated from its observed 
changes of position. 

By these means M. Hencke, an amateur observer of Driesen in 
Proraia, discovered, on the 8th December, 1845, another of the 
small planets, which has been named Ast&aa. 

This discovery was the signal for an extraordinary start. It 
had so happened that within some years several private observa- 
tories had been established, and a most respectable, intelligent, and 
wealthy body of amateurs and volunteers has been added to the 
regular professional astronomical corps. The result of this is, that 
within a few years a most unexpect^ number of planets has been 
discovered, all occupying nearly the same place in the system ; 
thus, three were discovered in 1847, one in 1848, one in 1849, 
three in 1850, two in 1851, eight in 1852, four in 1853, and six in 
1854, and one on the 6th April, 1855, — ^making the total number 
discovered to the date of writing tiiese lines (1st May, 1855) 
thirty-four. 

12. A tabular statement of the elements of these planets was 
published in the <<Annuaire du Bureau des Longitudes" at 
Paris for the present year, 1855, by M. Le Terrier and his 
assistants. Recently, however, a much more complete table has 
been published by Mr. Bishop, whose observatory in the Eegenf s 
Park has been signalised by the discovery of eleven of these thirty-* 
four bodies. Desiring to give as wide circulation as possible to 
this mass of interesting astronomical data, I would refer the reader 
to Mr. Bishop's table, from which I have extracted tiie one 
annexed to this notice.' 

To facilitate such researches, Mr. Bishop and his assistants 
commenced in the winter of 1846-7 the preparation of a series of 
charts, including all stars to those of the eleventh magnitude, 
within 3° of the ecliptic. "At the present moment," says Mr* 
Bishop, writing in March, 1855, "fourteen maps are finished, 
engraved, and published to assist other observers in their search 
for new planetary bodies, and it is hoped to place the others 
before the public with no great delay." It was in the prepara- 
tion of these charts, aided by those of Berlin, that ten planets 
were discovered at Mr. Bishop's observatory by Mr. Hind, and 
the eleventh more recentiy by Mr. Marth. 

Mr. Bishop remarks, that during the preparation of his. maps 
several other planets.were seen, but lost again through the long- 
continuance of unfavourable weather, or owing to the object not 
having been missed at a sufficientiy early period after it was 
entered upon the map. 

Too much credit cannot be given to various astronomers^ 
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amatetir as well as professional, for the spirit and perseveranee 
with whioh they have undertaken the preparation of these 
Zodiacal Stellar Charts. Mr. Cooper of Sli^, and his assistant 
Mr. Graham, are understood to be thus occupied. They have 
already published three volumes containing the approximate posi- 
tions of more than 45000 stars. Professor De Gasparis, of Naples,! 
and Mr. Chacomac, of Paris, are similarly engaged. 

In further illustration of the table annexed to this notice, Mr. 
Bishop adds the following observations : — 

The fov/rth column contains the estimated magnitude or degree of bright- 
ness of each planet at the time of discovery. It would appear that the 
four which attain the highest degree of brilliancy are Yesta (often visible 
without a telescope), Pallas, Iris, and Flora. 

The fifth column gives the mean lobgitude for noon, Greenwich time, 
on the 1st of January, 1855, reckoned firom the equinox of that date. 

In the 8ixth is found the longitude of the perihelion, or nearest point of 
approach of each planet to the sun, as viewed from that luminary. 

The seventh contains the position of the ascending node, or the point in 
the ecliptic where the planet passes from south to north latitude, as viewed 
from the sun. 

The eighth shows the inclination of each orbit to the ecliptic, or the 
angle between the planes of the paths of the eartljT and planet. It will be 
remarked that Pallas, Euphrosyne, and Phocea,*have tiie largest inclina- 
tions, while Massilia and Themis exhibit the least ; or, in other words, 
revolve nearly in the ecliptic. 

The nifUh column expresses the amount of excentridty or deviation 
from the circle. It varies from 0*075 in the case of Amphitrite to 0*346 
in that of Polyhymnia. 

The tenth gives the mean daily sidereal motion, or the space through 
which each planet would move in one day, if it described a circle round 
the sun with its average velocity. The numbers in this column multiplied 
by the periods expressed in days will, therefore, be equal to the circum- 
ference, or 360*. 

The eleventh shows the mean distances from the sun, or the semi-axes 
major of the orbits, expressed in units of the earth's average distance 
from that body, and carried to two places of decimals. Flora has the 
least, and^ accoixling to the table, Euphrosyne the greatest ; though the 
recent date of this planet's discovery, and consequent comparatively short 
extent of observation, leaves us in a little uncertainty whether its mean 
distance will ultimately be found to exceed that of Hygeia or Themis. 

The twelfth shows the length of the sidereal revolution in days.^ The 
periods vary from 1193 days, that of Flora, to 2048 days, which is that 
of Euphrosyne ; the difference amounting to 855 days, or 2^ years. 

I have annexed to the table the thirty-fourth and thirty-fifth 
planets discovered by Mr. Chacomac and M. Luther since Mr. 
Bishop's table was printed. The elements of the last of these 
objects, however, have not yet been determined. 

13. In their exceptional minuteness of volume, their mean 
distances from the sun, and the very variable obliquities and 
'eccentricities of their, orbits, they all resemble the first four dis- 
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Fig, I. 



covered in the begiiming of the ceiitiiiy» 
and are therefore in complete accordano& 
with the conditions mentioned in the car 
rious hypothesis of Olbers ahoye stated. 

The planet disooyered by M. Gasparis^ 
on the 17th of March, 1852, was observed 
by that astronomer at the Naples. Obser- 
vatory, on the 17th, 19th, and 20th March. 
It appeared as a star of the 10th or 11th 
magnitude. The observations were pub- 
lished in the ^* Comptes Bendus," of the 
Academy of Sciences, Paris, tome xxxiv. 
p. 532. 

The planet discovered by M. Luther was 
observed by that astronomer at Bilk, near 
Dusseldorf, on the 17th April, and again 
by M. Argelander, on the 22d April, at 
Bonn. The observations were published 
in the ** Comptes Bendus " of the Pari* 
Academy, tome xxxiv. p. 647. 

14. Dr. Olbers was a practitioner in 
medicine, Messrs. Hencke, Luther, and 
Goldschmidt amateur observers, Mr. Hind 
has been engaged in the private observa- 
tory of Mr. Bi^op, in the Begent's Park, 
and Mr. Graham in that of Mr. Cooper, at 
Markree, in the county of Sligo, in Lreland. 
It appears, therefore, that of these twenty- 
three members of the solar system the 
scientific world owes no less than fourteen 
to amateur astronomers, and observatories 
erected and maintained by private indi- 
viduals, totally unconnected with any na- 
tional or public establishments, and receiv- 
ing no aid or support from the state. Mr. 
Hind has obtained for himself the honour- 
able distinction which must attach to the 
discoverer of ten of these bodies. Five are 
due toM.dcGasparis, assistant-astronomer 
at the Boyal Observatory at Naples. 

M. Hermann Goldschmidt is an historical 
painter, a native of Frankfort-on-the- 
Maine, but resident for the last eighteen 
years in Paris. He discovered the planet 
with a small ordinary telescope, placed in 
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the baloony of Ids apartment, No. 12, Rue de Seine, in the 
Faubourg St. Germain, 

15. By inspecting the above table, it will be seen that these thirty- 
three planets move within a region of the solar system comprised 
between 2*2 and 3*2 times the mean distance of the earth. Their 
magnitudes are too minute to be ascertained with any degree of 
precision and certainty by any means of measurement hitherto 
discovered, and it may be inferred, with great probability, that 
they do not in general exceed 100 miles, that is, the 80th 
part of the diameter of the earth. Assuming, then, such to 
be their mean dimensions, and considering that the bulk of globes 
is in the proportion of the cubes of their diameters, it would 
follow, that, to make a globe as large as the earth, it would be 
necessary that 512000 such planets as these should be rolled 
into one. 

16. It will not fail to be observed, what great probability this 
extreme minuteness of bulk, combined with the circumstance of 
their being all so nearly at the same distance from the sun, gives 
to the hypothesis of Dr. Gibers. 

To show the relative position of this group of planets and those 
of the larger members of the system, we have represented in fig. 1, 
in their proper proportions, the successive distances of the planets 
from the sun, the place of these new planets being indicated by 
the band of parallel circles drawn in close proximity. 

Being distinguished from the other planets of the system by so 
many singular circumstances, some astronomers denominated 
these bodies Asteroids; we think, however, that, for reasons that 
must be obvious, the name Planetoids would be preferable* 

17. From the minuteness of their masses, the force of gravity 
on the surface of these bodies must be very inconsiderable ; and 
this would account for a circumstance which has been observed 
on some of them, namely, that their atmospheres are relatively 
much more extensive than those of the larger planets, since the 
same mass of air, feebly attracted, would dilate into a volume 
comparatively enormous. Muscular power would be more effica- 
cious on them in the same proportion ; thus, a man might spring 
upwards through sixty or eighty perpendicular feet, and return 
to the ground, sustaining no greater shock than would be felt 
upon the earth in descending from the height of two or three 
feet. <<Gn such planets,'^ observes Herschel, << giants might 
exist, and those enormous animals which on earth require the 
buoyant power of water to counteract their weight.'' 
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1. — Surprise excited by the discovery. — 2. How a body may be discovered 
without seeing it. — 8. G^eraUsation of the principle. — 4. Its appli- 
cation to the case of Neptune. — 6. Condition of the solar system 
before the discovery. — 6. Observed disturbances of Uranus. — 7. Great 
regularity of these effects.— 8. How they would be produced by a 
more distant planet. — 9. Calculations of Le Verrier and Adams.— ^ 
10. Elements of the sought planet according to these geometers. 
— 11. Its actual discovery. — 12. Its corrected elements. — 13. Dis- 
crepaucies between the actual and predicted elements explained. 
— li. Comparison of the effects of the real and predicted planets. — 
16. The discovery not to be ascribed to chance. — 16. The period ot 
Neptune computed. — 17. Computation of his distance. — 18. Its pro- 
digious orbital motion. — 19. Illustrated by a railway train. — 20. Its 
magnitude.— 21. Its satellite.— 22. Its weight.— 23. Its bulk.— 24. 
The sun's light and heat upon it. — 25. The sun's apparent diameter 
seen from it. — 26. Its suspected ring. 

1. The uniyersal astonishment which was excited some years 
ago by the announcement that certain astronomers, whose names 
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tOl then were bat little known in the scientific world, and not at all 
to the general public, had discovered the existence of a new 
planet, without ever haying seen it themselTcs, and without its 
haying been seen by any one else, will not be soon forgotten. 

2. Neyertheless, a little reflection will show that there was not so 
much cause for surprise in such a discoyery, as there might at first 
appear to be ; the only cause of tfaie surprise must depend upon the 
supposition, that the existence of such a body could only be ascer* 
tained by the immediate eyidenoe of the eye directed upon it ; but 
surely cases without number will suggest themselyes to eyery 
one, in which not only the existence of bodies, but their haunts, 
are ascertained otherwise than by seeing them. The sports- 
man goes forth, attended by his hounds, in pursuit of the fox ; the 
existence of the game is ascertained by the scent of the hounds, 
without seeing it, and possibly at a long distance firom the place 
where it lies ; by following closely the scent which ithas left upon 
its track, its place of concealment is soon attained, and the game 
is started, 

3. If we generalise the principles suggested by this fEunOiar 
illustration, we shall find that it amoimts to this, that the exis- 
tence of a body, and the place at which it is to be found, can be 
ascertained with as much certainty and precision, by closely 
obserying the peculiar effects which that body produces upon 
other bodies upon which it acts, and by tracing these effects, 
as if we actually saw the body we are in quest of. It is Ihe 
peculiar nature of the fox to leaye upon the ground on which 
he treads an odour which characterises him. The organs of the 
hound are so constituted as to be highly susceptible of being 
affected by this odour, and a sufficient number of these animals 
being started oyer the grotmd, they are trained to seek for the 
scented track, and when found to follow it. The game is thus 
discoyered, not by the sense of sight, but by the effects which 
it has produced upon other bodies, which tiiemselyes affect a 
different sense. 

4. Now let us suppose it possible, that a planet moying through 
the uniyerse, which was neyer seen by any obseryer, should pro- 
duce upon other planets, which are seen and obseryed, certain 
effects ; that these effects can be seen and ascertained by astrono- 
mers, and that the said astronomers can infer from the general 
principles of their peculiar science, that these effects are such as 
could only be produced by a planetary body, moying at a giyen 
time in a giyen direction ; such effects would, in that case, proye 
the existence of a planet, eyen though it were neyer seen, "What 
the scent is to the hound, these effects are to the not less sagacious 
instincts of the astronomer. 
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SucK then were in faet the means by which the discovery of the 
planet^ since called Neptune, was made ; a discovery which was 
incontestably one of the most signal triumphs ever attained by 
mathematical science, and which marked an era that must be for 
ever memorable in the history of physical investigation. 

If the planets were subject only to the attraction of the sun, 
they would revolve in exact ellipses, of which the sun would be 
Ihe common focus ; but being also subject to the attraction of 
each other, which, though incomparably more feeble than that 
of the presiding central mass, produces sensible and measurable 
effects, consequent deviations from these elliptic paths, called 
PEBTX7RBATI0KS, take placc. The masses and relative motions of 
the planets being known, these disturbances can be ascertained 
with such accuracy, that the position of any known planet at any 
epoch, past or future, can be determined with the most surprising 
degree of precision. 

If, therefore, it should be found, that the motion which a 
planet is observed to have is not in accordance with that which 
it ought to have, subject to the central attraction of the sun, 
and the disturbing actions of the surrounding planets, it 
must be inferred th^t some other disturbing attraction acts 
upon it, proceeding from an undiscovered cause, and, in this 
case, a problem novel in its form and data, and beset with diffi- 
culties which might well appear insuperable, is presented to 
the physical astronomer. If the solution of the problem, to 
determine the disturbances produced upon the orbit of a planet 
by another planet, whose mass and motions are known, be re- 
garded as a stupendous achievement in physical and mathe- 
matical science, how much more formidable must not the converse 
question be regarded, in which the disturbances are given to 
find the planet. 

Such was, nevertheless, the problem of which the discovery of 
Neptune has been the astonishing solution. 

Although no exposition of the actual process by which this great 
intellectual achievement has been effected, could be comprehended 
without the possession of an amount of mathematical knowledge 
far exceeding that which is expected £rom the readers of works 
much less elementary than the present, we may not be altogether 
unsuccessful in attempting to illustrate the principle on which an 
investigation, attended with so surprising a result, has been 
based, and even the method upon which it has been conducted ; 
so as to strip the proceeding of much of that incomprehensible 
character, which, in the view of the great mass of those who con- 
sider it, without being able to follow the steps of the actual 
investigation, is generally attached to it, and to show at least 
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the spirit of the reasoning hy whicli the 
solution of the problem has been accom- 
plished. 

For this purpose, it will be necessary, 
first, to explain the nature and character 
of those disturbances which were obsenred 
and which could not be ascribed to the 
attraction of any of the known planets; 
and, secondly, to show in what manner an 
undiscovered planet, reydying outside the 
known limits of the solar system, could 
produce such effects. 

5. At the epoch of this celebrated dis- 
covery, the solar system was supposed to 
consist of the principal planets. Mercury, 
Venus, the Earth, Mars, Jupiter, Saturn, and 
Uranus, revolving round the sun, in the order 
in which we have given their names, and at 
distances bearing to each other the propor- 
tion which is represented with tolerable 
exactness in fig. 1. Between Mars and 
Jupiter a group of very minute bodies^ 
called planetoids or asteroids, had been 
discovered, occupying the place of a planet, 
which had been supposed to be wanting in 
the system. Since the discovery which now 
engages us, the number of these planetoids 
discovered has been greatly increased, its 
amount being at the time we write (1st 
February, 1865,) not less than 33. 

If the reader will carry in his eye the 
plan of the solar system thus exhibited, he 
will find the following observations and 
reasoning not difficult to comprehend. 

6. The planet Uranus, revolving at the 
extreme limits of the solar system, was the 
object in which were observed those dis- 
turbances which, not being the effects of 
the action of any of the known planets, 
raised the question of the possible ex- 
istence of another planet exterior to it, 
which might produce them. 

After the discovery of that planet by Sir 
"W. Hersohel, in 1781, its motions, being 
regularly observed, supplied the data by 
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wHch its elliptic orbit was calculated, and tlie disturbances pro- 
duced upon it by the masses of Jupiter and Saturn ascertained, 
the other planets of the system, by reason of their remoteness, 
and the comparatiye minuteness of their masses, not producing 
any sensible effects. Tables founded on these results were 
computed, and ephemerides constructed, in which the places at 
which the planet ought to be found from day to day for the future 
were duly registered. 

The same kind of calculations which enabled the astronomer 
thus to predict the future places of the planet, would, as is 
evident, equally enable him to ascertain the places which had 
been occupied by the planet in times past. By thus examining, 
retrospectively, the apparent course of the planet over the firma- 
ment, and comparing its computed places at particular epochs 
with those of stars which had been observed, and which had 
subsequently disappeared, it was ascertained that several of these 
stars had in fact been Uranus itself, whose planetary character 
had not been recognised from its appearance, owing to the imper- 
fection of the telescopes then in use ; nor from its apparent motion, 
owing to the observations not having been sufficiently continuous 
and multiplied. 

In this way it was ascertained, that Uranus had been observed, - 
and its position recorded as a fixed star, six times by Flamstead : 
viz., once in 1690, once in 1712, and four times in 1715 ; — once 
by Bradley in 1753, once by Mayer in 1756, and twelve times by 
Lemonnier between 1750 and 1771. 

Now, although the observed positions of these objects, combined 
with their subsequent disappearance, left no doubt whatever of 
their identity with the planet, their observed places deviated 
sensibly from the places which the planet ought to have had, 
according to the computations founded upon its motions after 
its discovery in 1781. If these deviations could have been 
shown to be irregular and governed by no law, they would be 
ascribed to errors of observation. If, on the other hand, they 
were found to follow a regular course of increase and decrease 
in determinate directions, they would be ascribed to the agency 
of some imdiscovered disturbing cause, whose action at the 
epochs of the ancient observations was different from its action at 
more recent periods. 

The ancient observations were, however, too limited in number 
and too discontinuous to demonstrate in a satisfactory manner 
the irregularity or the regularity of the deviation. Nevertheless, 
the circumstance raised much doubt and misgiving in the mind 
of Bouvard, by whom the tables of Uranus, based upon the 
modem observations, were constructed ; and he stated that he 
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would leave to fatnrity the deoiaioii of the questibn, whether these 
deviations were due to errors of observation^ or to an undiscovered 
disturbing agent. We shall presently be enabled to appreciate 
the sagacity of this reserve. 

7. The motions of the planet continued to be assidnoosly 
observed, and were found to be in accordance with the tables for 
about fourteen years from the date of the discovery of the planet. 
About the year 1795, a slight discordance between the tabular 
and observed places began to be manifestedi the latter being a 
little in advance of the former, so that the observed longitude i 
of the planet was greater than the tabular longitude l'. After 
this, from year to year, the advance of the observed upon the 
tabular place increased, so that the excess l-^l' of the observed 
above the tabular longitude was continually augmented* This 
increase of L — l' continued until 1822, when it became stationary, 
and afterwards began to decrease. This decrease continued until 
about 1830-31, when the deviation L — 1/ disappeared, and the 
iabular and observed longitudes again agreed. This accordance) 
however, did not long prevail. The planet soon began to M 
behind its tabular place, so that its observed longitude i;, which 
before 1831 was greater than the tabular longitude l', was now 
less ; and the distance V — Jj of the observed behind the tabular 
place increased from year to year, and still increases. 

It appears, therefore, that in the deviations of the planet from 
its computed place, there was nothing irregular and nothing com- 
patible with the supposition of any cause depending on Ihe 
accidental errors of observation. The deviation, on the contrary, 
increased gradually in a certain direction to a certain point ; and 
having attained a maximum, then began to decrease, which 
decrease still continues. 

The phenomena must, therefore, be ascribed to the regolar 
agency of some undiscovered disturbing cause, 

8. It is not difficult to demonstrate that deviations from 
its computed place, such as those described above, would 
be produced by a planet revolving in an orbit having the 
same or nearly the same plane as that of Uranus, which 
would be in heliocentric conjunction with that planet at the 
epoch at which its advance beyond its computed place attained 
its maximum. 

Let A B c s E F, Sig. 2, represent the arc of the orbit of Uranus 
described by the planet during the manifestation of the perturba- 
tions. Let N 17' represent the 'orbit of the supposed undiscovered 
planet, in the same plane with the orbit of Uranus. Let a, h^ «, 
df «, and / be the positions of the latter when Uranus is at the 
points A, B, c, D, E, and !•. It is therefore supposed, that Uranus 
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when at D is in lieliocentriio conjunction witli the supposed planet, 
the latter being then atd. 

The directions of the orbital motions of the two planets are 
indicated by the arrows beside their paths ; and the directions of 




Fig. 2. 

the disturbing forces * exercised by the supposed planet on Uranus 
are indicated by the arrows beside the Hues joining that planet 
withTJranus. 

Now, it will be quite evident, that the attraction exerted by 
the supposed planet at a oi Uranus at a. tends to accelerate 
the latter. In like manner, the forces exerted by the supposed 
planet at h and c upon Uranus at b and c tend to accelerate 
it. But as Uranus approaches to d, the direction of the dis- 
turbing force, being less and less inclined to that of the orbital 
motion, has a less and less accelerating influence, and on 
arriving at n, the disturbing force being in the direction D d 
at right angles to the orbital motion, all accelerating influence 



After passing D the disturbing force is inclined against the 
motion, and instead of accelerating retards it; and as Uranus 
takes successively the positions E, p, &c., it is more and more 
inclined, and its retarding influence more and more increased, as 
will be evident if t|^ directions of the retarding force and the 
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orbital motion, as indicated by the arrows, be observed. 

* To simplify the explanation, the effect of the attraction of Uranus on 
the sun is omitted in this illustration. In the chapter on Perturbations in 
my *' Handbook on Astronomy," the method of determinlDg the exact 
<Urection of the disturbing force is explained. 
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It is then apparent, ihat ^m A to D the disturbing forc6» 
accelerating the orbital motion, will transfer Uranus to a position 
in advance of that which it would otherwise have occupi^ ; a|id 
after passing d, the disturbing force retarding the planef s motion 
will continually reduce this advance, until it bring back the 
planet to the place it would have occupied had no disturbing force 
acted; after which, the retardation beii^ still continued, the 
planet will fall behind the place it would have had if no distorb- 
ing force had acted upon it. 

Now it is evident that these are precisely the kind of dis- 
turbing forces which act upon Uranus; and it may, therefore, 
be inferred that the deviations of that planet .from its com- 
puted place are the physical indications of the presence of 
a planet exterior to i^ moving in an orbit whose plane either 
coincides with that of its own orbit, or is inclined to it at a 
very small angle, and whose mass and distance are such, as to 
give to its attraction the degree of intensity necessary to pro- 
duce the alternate acceleration and retardp^^n which have been 
observed. 

Since, however, the intensity of the disturbing force depends 
conjointly on the quantity of the disturbing mass and its distance, 
it is easy to perceive that the same disturbance may arise from 
different masses, provided that their distances are so varied as to 
compensate for their different weights or quantities of matter. A 
double mass at a fourfold distance will exert precisely the same 
attraction. The question, therefore, under this point of view, 
belongs to the class of indeterminate problems, and admits of an 
infinite number of solutions. In other words, an unlimited 
variety of different planets may be assigned, exterior to the sys- 
tem which would cause disturbances observed in the motion of 
Uranus, so nearly similar to those observed, as to be distinguishable 
from them only by observations more extended and elaborate than 
any to which that planet could possibly have been submitted since 
its discovery. 

9. The idea of taking these departures of the observed from the 
computed place of Uranus, as the data for the solution of the 
problem to ascertain the position and motion of the planet which 
could cause such deviations, occurred, nearly at the same time, 
to two astronomers, neither of whom at that time had attained 
either the age or the scientific standing which would have raised 
the expectations of achieving the most astonishing discovery of 
modem times. 

M. Le Terrier, in Paris, and Mr. J. C. Adams, Fellow and 
Assistant Tutor of St. John's College, Cambridge, engaged in the 
investigation, each without the knowledge of what the other was 
178 



CALCULATIONS OF THE DISCOVERERS. 

doing, and beHeving that he stood alone in his adyentnrons and, 
as would then have appeared, hopeless attempt. Nevertheless, 
both not only solved the problem, but did so with a conipleteness 
that filled the world with astonishment and admiration, in which 
none more ardently shared than those who, from their own 
attainments, were best qualified to appreciate the difficulties of 
the question. 

The question, as has been observed, belonged to the class of 
indeterminate problems. An infinite number of different planets 
might be assigned which would be equally capable of producing 
the observed disturbances. The solution, therefore, might be 
theoretically correct, but practically unsuccessful. To strip the 
question as far as possible of this character, certain conditions 
were assumed, the existence of which might be regarded as in the 
highest degree probable. Thus it was assumed that the disturb- 
ing planet's orbit was in or nearly in the plane of that of Uranus, 
and therefore in that of the ecliptic ; that its motion in this orbit 
was in the same direction as that of all the other planets of the 
system, that is, according to the order of the signs; that the orbit 
was an ellipse of very small'eccentricity ; and, in fine, that its 
mean distance from the sim was, in 'accordance with the general 
progression of distances noticed by -Bode, nearly double the 
mean distance of Uranus. This last condition, combined with 
the harmonic law, gave the inquirer the advantage of the 
knowledge of the period, and therefore of the mean heliocentric 
motion. 

Assuming all these conditions as provisional data, the problem 
was reduced to the determination, at least as a first approxima- 
tion, of the mass of the planet and its place in its orbit at a given 
epoch, such as would be capable of producing the observed 
alternate acceleration and retardation of Uranus. 

The determination of the heliocentric* place of the planet at a 
given epoch would have been materially facilitated if the exact 
time at which the amount of the advance (l — i/) of the observed 
upon the tabular place of the planet had attained its maximum 
were known; but this, unfortunately, did not admit of being 
ascertained with the necessary precision. When a varying 
quantity attains its maximum state, and, after increasing, begins 
to diminish, it is stationary for a short interval ; and it is always 
a matter of difficulty, and often of much uncertainty, to determine 
the exact moment at which the increase ceases and the decrease 
commences. Although, therefore, the heliocentric place of the 

* That is, the place In which the planet would appear to be, if the 
ol)6erYer were at the centre of the system, where the sun is. 
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distarbing planet oonld be nearly assigned about 1822, it oonld 
not be determined with the desired precision. 

Assuming, however, as nearly as was practicable, the longitade 
of Uranus at the moment of heliocentric conjunction* with the 
disturbing planet, this, combined with the mean motion of the 
sought planet, inferred from its period, would give a rough 
approximation to its place for any given time. 

10. Bough approximations were not, however, what MM. Le 
Yerrier and Adams sought. They aimed at more exact results ; 
and, after investigations involving all the resources and ex- 
hausting all the vast powers of analysis, these eminent 
geometers arrived at the following elements of the undiscovered 
planet:— 



Epoch of the elements 


Le Verrier. 


Adams. 


1 Jan. 1847. 


1 Jan. 1846. 


Mean longitade at the epoch . . 


318' 47'*4 


823- 2' 


Mean distance of planet from son 


36-1639 


37-2474 


Eccentricity of the orbit • . . 


0-107610 


0-120615 


Longitade of perihelion . • 


284'* 46'-8 


299** 11' 


Mass (Ban ==1) 


.0-00010727 


0-00015003 



11. On the 23rd September, 1846, Dr. Galle, one of the astrono- 
mers of the Royal Observatory at Berlin, received a letter from 
M. Le Yerrier, announcing to him the principal results of his 
calculations, informing him that the longitude of the sought 
planet must then be 326^, and requesting him to look for it 
Dr. Galle, assisted by Professor Enck6, accordingly did "look for 
it," and found it that very night. It appeared as a star of the 
8th magnitude, having the longitude of 326^ 52', and consequently 
only 62' from the place assigned by M. Le Yerrier. The calcula- 
tions of Mr. Adams, reduced to the same date, gave for its place 
329° 19', being 2° 27' from the place where it was actually 
found. 

To illustrate the relative proximity of these remarkable predic- 
tions to the aetual observed place, let the arc of the ecliptic, 
from long. 323"* to long. 330% be represented in fig. 3. The 
place assigned by M. Le Yerrier for the sought planet is indi- 

* Two objects are said to be in heliocentric conjanction, when they are 
so placed that they would be seen id the same direction by an obeerver 
looking at them from the son. 
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Fig. 3. 



cated by the small circle at l^ that assigned by Mr. Adams by the 

small circle at A, and the place at which it was 

actually found, by the dot at y. The distances 

of L and A from N may be appreciated by the 

circle which is described around the dot is, 

and which represents the apparent disk of the 

moon. 

- The distance of the obseryed place of the planet 
from the place predicted by M. Le Verrier was 
less than two diameters, and from that predicted 
by Mr. Adams less than five diameters of the 
lunar disc. 

- 12. In obtaining the elements given aboye, Mr. 
Adams based his calculations on.the observations 
of Uranus made up to 1840, while the calcula- 
tions of M. Le Verrier were founded on observa- 
tions continued to 1845. On subsequently taking 
into computation the five years ending 1845, Mr. 
Adams concluded that the mean distance of the 
sought planet would be more exactly taken at 
33-33. 

After the planet had been actually discovered, 
and observations of suf&cient continuance were 
made upon it, the following proved to be its more 
exact elements : — 




Epoch of the elements 
Mean longitude at the epoch 
Mean distance from sun 
Eccentricity of orbit 
Longitude of perihelion 
Longitude of ascending node 
Inclination of orbit • 
Periodic time 
Mean annual motion . 



Greenwich. 



IJan. 1847, M. Noon. 

328° 32' 44" -2. 

30-0367. 

0-00871946. 

47° 12' 6" -60. 

130° 4' 20" -81. 

r 46' 68" -97. 

164-6181 years. 

2°-18688. 



13. Now it will not fail to strike every one who devotes the 
least attention to this interesting question, that considerable 
discrepancies exist, not only between the elements presented in 
the two proposed solutions of this problem, but between the actual 
elements of the discovered planet and both. of these solutions.. 
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There were not wanting some who, viewing these disoordanoes, 
did not hesitate to deolare that the disooveiy of the planet was 
the result of ohanoe, and not, as was olaimed, of mathematical 
reasoning, sboe, in fMt, the planet disooyered was not identical 
with either of the two planets predicted. 

To draw such a oondosion £n>m such premises, however, hetrays 
a total misapprehension of the natore and conditions of the 
prohlem. If the problem had been determinate, and, oonse- 
qnently, one which admits of but one solution, then it must have 
been inferred, either that some error had been committed in the 
calculations which caused the discordance between the observed 
and computed elements, or that the discovered phinet was not 
that which was sought, and which was the physical cause of the 
observed disturbances of Uranus, But the problem, as has been 
already explained, being more or less indeterminate, admits of 
more than one, — ^nay, of an indefinite number of different solu- 
tions, so that many different planets might be assigned which 
would equally produce the disturbances which had been observed; 
and this being so, the discordance between the two sets of pre- 
dicted elements, and between both of them and the actual elements, 
are nothing more than might have been anticipated, and which, 
except by a chance, against which the probabilities were millions 
to one, were, in fact, inevitable. 

So fkr as depended on reasoning, the prediction was verified ; 
so far as depended on chance it failed. Two planets were 
assigned, both of which lay within the limits which fulfilled the 
conditions of the problem. Both, however, differed from the 
true planet in particulars which did not affect the conditions of 
the problem. All three were circumscribed within those limits, 
and subject to such conditions as would make them produce 
those deviations or disturbances which were observed in the 
motions of Uranus, and which formed the immediate subject of 
the problem. 

14. It may be satisfieu^tory to render this still more dear, by 
exhibiting in immediate juxtaposition the motions of the hypo- 
thetical planets of MM. Le Terrier and Adams and the planet 
actually discovered, so as to make it apparent that any one of the 
three, under the supposed conditions, would produce the observed 
disturbances. We have accordingly attempted this in fig. 4, 
where the orbits of Uranus, of Neptune, and of the planets 
assigned by MM. Le Terrier and Adams are laid down, with the 
positions of the planets respectively in them for every fi^th year, 
from 1800 to 1846 inclusively. This plan is, of course, only 
I roughly made; but it is sufficientiy exact for the purposes of the 

I present illustration. The places of Uranus are marked by 0» 
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those of Neptune by 0, those of M. Le Yerrier's planet by 0, 
and those of Mr, Adams' planet by 0. 

It will be observed that the distances of the two planets assigned 
by MM. Le Yerrier and Adams, as laid down in the diagram, 
differ less from the distance of the planet Neptune than the 
mean distances given in their elements differ from the mean dis- 
tance of Neptune. This is explained by the eccentricities of the 
orbit, which, in the elements of both astronomers, are consider- 
able, being nearly an eighth in one and a ninth in the other, 
and by the positions of the supposed planets in their respective 
orbits. 

If the masses of the three planets were equal, it is clear that 
the attraction with which Le Yerrier's planet would act upon 
Uranus, would be less than that of the true planet, and that of 
Adams' planet still more so, each being less in the same ratio as 
the sqnare of its distance from Uranus is greater than that of 
Neptune. But if the planets are so adjusted that what is lost by 
distance is gained by the greater masses, this will be equalised, 
and the supposed planet will exert the same disturbing force as the 
actual planet, so feur as relates to the effects of variation of dis- 
tance. It is true that, throughout the arcs of the orbits over which 
the observations extend, the distances of the three planets in simul- 
taneous positions are not everywhere in exactly the same ratio, while 
their masses must necessarily be so ; and, therefore, the relative 
masses, which would produce perfect compensation in one position, 
would not do so in others. This cause of discrepancy would ope- 
rate, however, under the actual conditions of the problem, in a 
degree altogether inconsiderable, if not insensible. 

But another cause of difference in the disturbing action of the 
real and supposed planets would arise from the fact, that the 
directions of the disturbing forces of all the three planets are 
different, as will be apparent on inspecting the figure in which 
the degree of divergence of these forces at each position of the 
planets is indicated ; but it will be also apparent, that this diver- 
gence is so very inconsiderable that its effect must be quite insen- 
sible in all positions in which Uranus can be seriously affected. 
Thus, from 1800 to 1815, the divergence is very small. It 
increases from 1815 to 1835 ; but it is precisely here, near the 
epoch of heliocentric conjunction, which took place in 1822, 
that all the three planets cease to have any direct effect in 
accelerating the motion of Uranus. When the latter planet 
passes this point sufficiently to be sensibly retarded by the dis- 
turbing action, as is the case after 1835, the divergence again 
becomes inconsiderable. 

From these considerations it will therefore be understood, that 
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,thie dishxrbanoes of the motioiiof Uranus, so ffor as tliese wete 
asoertained by observation, .would be produced, irithout sensible 
difference, eiti^er by the actual planet which has been discoTered, 
or by eitlier of the planets assigned by MM. Le Yeirier and 
Adams, or eyen. by an indefinite number of others which might 
be assigned, either within the path of Neptune, or between it and 
that of Adams' planet, or, in fine, beyond the latter — ^within certain 
assignable limits. 

15. That the planets assigned by MM. Le Yerrier and A4ams 
are not identical with the planet to the discovery of which their 
researches have conducted practical observers is, therefore, true.; 
but it is also th^e that, if they or either of them had been iden- 
tical with it, such excessive amount of agreement would have 
been purely accidental, and not at all the result of the sagacity 
of the maUiematician. All that human sagacity could do with 
the data presented by observation was done. Among an indefixdte 
maabeT o{ possible planets capable of producing the disturbing 
action, two were assigned, both of which were, for all the purposes 
of the inquiry, so nearly coincident with the real planet as inevit* 
4ibly and immediately to lead to its discovery. . 

16. It might appear firom considering merely the enormous dis- 
tance of this planet from the earth, that the problem to ascertain 
the r9,te of its motion, and the time it takes to make a complete 
revolution roimd the .sun^ would be attended with great diffi- 
.culty; nothing, on the contrary, can be more easy or simple. 
£y observing the place of the planet with precision on any given 
night, — say, for example, on the 1st January, 18d3,-^and again 
on the Ist January, 1854, it will be found to have moved through 
2'187°; we infer, therefore, that this is. the rate of its annual 
motion; and this inference would be verified by repeating the 
same observation on the 1st of January, 1855, and, in a word, on 
the same night in each succeeding year. 

Having thus ascertained that Neptune moves round the mm at 
the rate of 2*187° per annum, the question is : how long he will 
take to make a complete revolution — ^that is 360** — round the sun; 
and this, it is clear, is a question in the simple Rule of Three, 
that dan be solved by any school-boy, and is thus stated— 

' 2:187° : 360° :: 1 year ': ^^ = 164-6 years. 
. . "^ 2*167 

Thus it appears that this planet will make a complete revolution 
round the sun in about 164 years and '7 months, and although 
-not more than a few years have elapsed since the date of its dfs- 
icbyery, we are just as. certain, that it will complete its revolution 
in that interval as our posterity will be, who will witoess the 
iK)nipletioh of its period, in the- year'of our Lord 2011. • - 
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17. There is a remarkable astronomical law Vig-^ 

yridch was disoovered, as a matter of fact, by 
Kepler, and shown by Ne¥rtan to be a necessary 
consequence of the principle of imiyerscd grayi- 
tation, called the harmonic law; according to 
this celebrated law, tiie siiccessiye distances of 
the planets from the sun, have a certain fixed 
relation to their times of revolutions, shortly 
called their periodic times, by means of. which 
their relative distances can be easily computed, 
when their periodic times are known. Ihis 
celebrated law is expressed as follows : — 

Th$ squares of the numbers which express the 
periodic times of any two planets, are in the 
same proportion as the ct^es of the numbers 
which express their distances from the sun. 

This rule reduces the problem to determine 
the distance of Neptune £rom the sun to a ques- 
tion in the simple Jtule of Three. 

The periodic time of the earth being a year, 
will be expressed by 1, and that of Neptune will 
be, as already shown, 164*6 ; now the squares of 
these numbers are 1 and 27093. To find the 
cube of Neptune's distance, is therefore a Rule 
of Three question stated as follow : — 
1 : 27093 : : 1 : 27093. 
Therefore this number 27093 is in fact the cube 
of Neptune's distance from the sun, the earth's 
distance ,£rom the sun being expressed by 1. 
To £nd Neptune's distance, therefore, we have 
only to find the number whose cube is 27093, and 
by the ordinary processes of arithmetic, that 
number is found to be J30*034. 

We may, therefore, state in round numbers, 
that Neptune is 30 times farther from the sun 
than the earth. But the distance of the eai1;h 
firom the sun being, in round numbers, 100 mil- 
lions of miles; it follows that the distance of 
Neptune fr6m the sun is, in roimd numbers, about 
3000 millions of, miles. Greater numerical pre- 
jcisioii.than this has been attained by the com- 
putations of astronomers, but the purpose of our 
fiuiueroua readers will be best served at present 
by adhering to these round numbers. 
;: 18,. To convey aoine notion pf fh^e prodigious 
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scale upon which the orbital motioii of this pkinet takes place, we 
have represented in fig. 5, tiie orbit of the earth, £, e', e", e"', 
the distance of b from s, the sun, being 100 millions of miles ; 
8 K will then be upon the same scale, the distance of Neptune from 
the sun. 

Although it is easy by this expedient to convey a sufficiently 
exact notion of the relative distances of these planets from the 
sun, it is by no means so easy to acquire any adequate idea of 
their actual distances, or what is the same, of the scale of the 
solar system. 

To obtain, even in the case of magnitudes infinitely less than 
these, any just notions, it is necessary to compare them, and, as 
it were, to measure them by some standard of magnitude, with 
which we have a practical familiarity. Let us see ti^en, whether 
by such an expedient we can obtain some notion, however faint, 
of the scale of the solar system, at the extreme limit of which 
Neptune moves. 

19, Every one is at this time familiar enough, with the motion 
of a railway train having a given speed, say, for example, 30 
miles an hour ; we know that in such a train, moving with that 
speed, stoppages included, we can go from London to Liverpool 
in 7 hours ; in what time, let us ask, could we be transported in 
such a train from the sun to the earth ? The distance, as already 
stated, is 100 millions of miles ; if this be divided by 30 we shall 
find the number of hours which such a journey woidd take, this 
number would therefore be 3,333333 hours. K this be divided 
successively by 24 and by 365^ we shall find the number of days 
and of years in such a journey ; the result of such a calculation 
in round numbers will show that such a train will take 3S0 years 
to move from the sun to the earth* 

But Neptune being, as we have seen, 30 times more distant 
than the earth from the sun, it would take the same train an 
interval 30 times longer to move to that planet; we therefore 
arrive at the astounding conclusion that a railway-train moving 
constantly without stoppage would take 114000 years to move from 
the sun to Neptune, that is to the extreme limit of the solar system. 

The circumference of a circle, whose diameter is 6000, is 18849 ; 
now since the diameter of Neptune's orbit is 6000 millions of 
miles, its circumference is 18849 millions of miles, and round this 
circumference the planet moves in 164*6 years, and it therefore 
moves at the rate of 114,500000 miles per year, or 313500 miles 
per day, or 13000 miles an hour. 

Such is the colossal scale on which the movements of the system 
are conducted. 

20. It will doubtless be asked, whether the magnitude of this 
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bodj have any proportion to such prodigious distances and 
motions ? or wlietiier, indeed, its magnitude at such a distance 
as 3000 millions of miles, can be at all ascertained? Difficult, 
nevertheless, as such a problem may seem, it is, on the con- 
trary, among the most easy and simple which are presented to the 
astronomer. 

When a powerful astronomical telescope is directed to a planet, 
the object which to the naked eye appears as a mere stellar point of 
light, is seen with a circular disc l^e that of the moon, but in 
general much smaller. The visual angle of the moon*s disc is 
1800"; now it is found that the visual angle of the disc of Neptune is 
only 2*8'', and, therefore, is very nearly 643 times less than the 
disc of the moon ; but the distance of Neptune is 30 times greater 
than that of tiie sun, and the distance of the sun is 400 times 
greater than that of the moon. Therefore the distance of Neptune 
is 12000 times greater than that of the moon, cpnsequentiy it will 
follow, that if the moon were removed to Neptune's distance, its 
visual angle would be 12000 times less than it is ; but from what 
has been just stated it appears that the visual angle of Neptune 
is only 643 times less than that of the moon. It follows, there- 
fore, that the actual diameter of Neptune must be greater than 
the actual diameter of the moon, in the proportion of 12000 to 
643, or 19 to 1 very nearly. But since we know the diameter of 
the moon to be a littie more than 2000 miles, it follows that the 
actual diameter of Neptune will be about 38000 miles. 

This is a rough metiiod of calculation which we have adopted 
to render the point familiar to those who are not accustomed to 
the more exact methods of astronomical calculations. 

How little the result nevertheless varies from the truth, will 
be peroeived when we state, that, according to the most exact 
observations and calculations of astronomers, the actual diameter 
of Neptune is 37500 miles. 

21. A satellite of this planet was discovered by Mr. Lassell in 
October, 1846, and was afterwards observed by other astronomers 
both in Europe and the United States. The first observations 
then made raised some suspicions as to the presence of another 
satellite as well as of a ring analogous to that of Saturn. 
Notwithstanding the numerous observers, and the powerful instru- 
ments which have been directed to the planet since the date of 
these observations, nothing has been detected which has had any 
tendency to confirm these suspicions. 

The existence of the satellite first seen by Mr. Lassell has, how- 
ever, not only been fully established, but its motion, and the 
elements of its orbit, have been ascertained, first by the observa* 
tions of M. 0. Struve in September and December, 1847, and later, 
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and more folly, hj those of liis late relative M. Augnste Struye^ 
in 1848-9. 

From these observations it appears, that the distance of the satel- 
lite from the planet at its greatest elongation subtends an angle of 
IS" at the sun ; . and since the diameter of the planet subtends an 
angle of 2 "'8 at the same distance, it follows, therefore, that the 
distance of the satellite from the centre of the planet is equal to 
thirteen semidiameters of the latter. 

The mean daily angular motion of the satellite round the centre 
of the planet is, according to the observations of Struve, 61''*2625, 
and, consequently, the period of the satellite is — 

^^ = 6-8763 days, 

or 5<i 21^ 1*8'", a result which is subject to an error not exceeding 
d minutes. 

If the semidiameter of the planet be 18750 miles, the actual 
distance of the satellite is , 

18750 X 12 = 225000 miles, 
being a little less than the distance of the moon from the earth's 
centre. 

22. If it excite surprise that the dimensions of a globe so 
enormously distant from the earth as that of Neptune should be 
so exactly and so easily measured, it will not create less astonish- 
ment when we af&nn that the mass of matter in that globe can be, 
and has been weighed, and not only weighed, but weighed with 
as much or even more precision than that which is attained by 
the chemist in the operations conducted upon the small masses of 
matter under his hands. 

What then, it will naturally enough be asked, can be the, form 
and structure of the balance, by which ah operation so wonderful 
can be performed P 

.Let us see whether we cannot explain this. 

If a mass of matter attached to the extremity of a string, 
the other extremity of' which is attached to a fixed point, 
be whirled tound in a circle, of which that fixed point is tiie 
centre, the string will be, as every one knows, stretched with 
a certain force, and that this force will be greater and greater 
as the velocity with which the body is whirled is increased. 
Now th^ inooii whirls round the earth with just such a circular 
motion, and if it were connected by a string with the centte of 
the earth, that string would be stretched with a force depending 
Upon the velocity of the moon's motion ; but since no such string 
exists, something else must exist which will exercise the same 
force upon the moon as the string would, and that something is' 
the earth's attraction. • .... 
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It is proved bj theory, and verified by experiment, that the 
force wi^ which the string connecting such a body with thb 
centre wonld be stretched, would increase in the same proportion 
as the square of the velocity of the revolving body increases, other 
things being the same. If, therefore, the moon's velocity in 
whirling round the earth were twice what it is, the force with 
which it would react against the earth's, attraction, would be four 
times greater than it is, and as the earth's attraction would still 
be the same, the moon, in that case, would escape from her orbit, 
and would depart to a greater distance from the earth. If, on the 
other hand, the moon moved with half its present velocity, the 
force with which it would stretch the string would be four times 
less than it is, and being then less than the earth's attraction upon 
it, the moon would fall towards the earth to a much less distance, 
. But since the moon neither departs to greater distances nor 
approaches to less distances, it follows that the attraction of the 
earth upon it Lb neither more nor less than that with which a string 
would be stretched which would connect the moon with the centre 
of the earth. 

Now we have seen by what has been explained, that Neptune, 
as well as the earthy has a moon, and moreover, that this moon 
whirls round Neptune at a distance a little less than that at which 
our moon moves round the earth. To simplify the question, let 
us suppose for a moment that these distances are equal. If then 
Neptune's moon had the same velocity as ours, a string connecting 
it with Neptune would be stretched with the same force as that 
with which a string would be stretched connecting the moon with 
the earth; and since the attraction of the two planets on their 
respective moons is represented by the tension of such string, it 
would follow, in that case, that the two planets would exert equal 
attractions on moons revolving at equal distances from them. But 
since these attractions depend only on the quantities of matter in 
the two planets, or what is the same on their weights, it would, 
in that case, follow, that the weight of Neptune would be equal 
to that of the earth. 

But Neptune's moon, instead of revolving in the same time as 
ours, revolves as it appears, by what has been explained, in 5*8763 
days. Now we have just explained that the force with which the 
wMrling body would stretch a string increases, other things being 
the same, in the proportion of the square of its velocity, and 
since our moon taikes 27*322 days to make a complete revolution, 
while that of Neptune makes a revolution in 5*876 days, the 
velocity of the latter will be greater than that of the former in 
the proportion of 5876 to 27322 ; and consequently the forces 
with which they will react upon the planetary attractions which 
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hold them* in their orbits will be proportional to the squares of 
these numbers. But the squares of these numbers, if computed, 
will be found to be in the proportion of 21| to 1 very nearly. It 
would follow, therefore, that the weight of Neptune is 21{ times 
that of the earth. 

But it must not be forgotten that in this calculation we have 
supposed that the distance of the satellite from Neptune is equal 
to the distance of the moon from the earth, but in fact the dis- 
tance of Neptune's satellite is less than that of the moon, in the 
proportion of 225 to 238, and, therefore, the estimate of the mass 
of Neptune, computed as above, upon the supposition of the exact 
equality of the two distances, must be reduced in the same pro- 
portion, which would make Neptune's mass 20 times that of the 
earth. 

This, as in the former case, is a very rough method of calcula- 
tion, adopted to render familiar a problem, which, in its more 
exact details, would be much too difficult for any but professed 
astronomers perfectly to understand. By more exact methods it 
appears that the weight of Neptune is about 19 times that of the 
earth. 

23. The relative bulks, or volumes, of globes being in the pro- 
portion of the cubes of their diameters, and the diameter of 
Neptune being 37500 miles, while that of the earth is about 7900 
miles, it follows that the bulk of Neptune is about 107 times 
greater than that of the earth ; or that 107 globes like the earth, 
being rolled into one, would form a planet equal to Neptune. 

24. Since the brightness of the sun's light, and the warmlh 
produced by its heat, decrease in the same proportion as the super- 
ficial magnitude of his disc decreases, and since the diameter of 
that disc decreases in the same proportion as the distance of the 
observer from the sun increases, it follows that the superficial 
magnitude of the sun's disc, and therefore the brightness of the 
light of day, and the warmth of the solar rays, wiU be less at 
Neptune than they are at the earth, in the same proportion 
in which the square of Neptune's distance from the sun is greater 
than the square of the earth's distance ; and since Neptune is 
30 times more distant than the earth, it follows that the brightness 
of day and the sun's warmth at Neptune are 900 times less than 
at the earth. 

25. The apparent diameter of the sun, as seen from Neptune, 
being 30 times less than from the earth, is. 

The sun, therefore, appears of the same magnitude as Venus 
seen as a morning or evening star. 
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The relative apparent magnitudes are exhibited in fig. 6, at 
E and N. 

It would, however, be a great mistake to infer that the light of 
the sun at Neptune approaches in any degree to the faintness of 
that of Venus at the earth. If Venus, when that planet appears 
as a morning or evening star, with the apparent diameter of 60", 
had a full disc (instead of one halved or nearly so, like the moon 
at the quarters), and if the actual intensity of light on its surface 
were equal to that on the surfeoe of the sun, the light of the 
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planet would be exactly that of the sun at Neptune. But the 
intensity of the light which falls on Venus is less than the inten- 
sity of the light on the sun*s surface in the ratio of the square of 
Venus' distance to that of the sun's semidiameter, upon the 
supposition that the light is propagated according to the same law 
as if it issued from the sun's centre ; that is, as the square of 37 
millions to the square of half a million nearly, or as 37* : J, that 
is, as 5476 to 1. If, therefore, the surface of Venus reflected 
(which it does not) all the light incident upon it, its apparent 
light at the earth (considering that little more than half its 
illuminated surface is seen) is about 11000 times less than the 
light of the sun at Neptune. 

Small, therefore, as is the apparent magnitude of the sun at 
Neptune, the intensity of its daylight is probably not less than 
that which would be produced by about 20000 stars shining at 
once in the firmament, each being equal in splendour to Venus 
when that planet is brightest. 

In addition to these considerations, it must not be forgotten 
that all such estimates of the comparative efficiency of the illu- 
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Bunating and heating power of the son aie based upcm the snpposi- 
tion that his light is reoeiyed under like physical oonditioBS ; and 
that many conoeiYahle inodifidati<tais in the physical state of the 
body or medinm on or into which the light fedls, and in the 
stmoture of the visual oigana which it affsets, may render light 
of an extremely feeble intensity as efficient as mnch stronger light 
is found to be under other conations. 

26. Messrs. Lassell and Ghallis have at times imagined that 
indications of some such aj^iendage as a ring, seen nearly edge- 
wise, were perceptible upon the disc of Neptune, These conjec- 
tures haye not yet received any confirmation. When the 
declination of the planet shall have so far increased as to present 
the riug, if such an appendage be really attached to the planet, at 
a less oblique angle to the visual ray, the question will probably 
be decided. 
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1. Th eir correspondence with the lunar phases known at an early period. — 
2. Erroneous notions prevalent as to their causes. — 8. Not caused by 
the moon*s attraction. — 4. But by the inequality of its attraction. — 
5. Calcuktion of this inequality. — 6. Solar tides. — 7. Difference 
between the power of the sun and moon to produce a tide. — 8. Spring 
and neap tides. — 9. Why the tides are not directly under the moon. — 
10. Establishment of the port. — 11. Effects of the form of the coasts 
upon the local tides. — 12. Dr. Whewell's analysis of the progress of 
the tidal wave. — 13. Age of the tide. — 14. Velocity of the tide. — 
15. Undulations.— 16. Motion of the crest of a wave.^17. Bange of 
the tide. — 18. How affected by the weather. 

1. The phenomena of the tides of the ocean are too remarkable 
and too important to the social and commercial interests of man- 
kind, not to have attracted notice at an early period in the progress 
of knowledge. The intervals between the epochs of high and low 
water everywhere corresponding with the intervals between the 
passage of the moon over the meridian above and below the 
horizon, suggested naturally some physical connexion between 
these two phenomena, and indicated the probability of the cause 
of the tides being found in the motion of the moon. 

Kepler developed this idea, and demonstrated the close con* 
nexion of the phenomena ; but it was not until tlie theory of 



Labdhbr'b Kvsbum 0? Somroi. 
No. 87. 



129 



THE TIDES. 

OBATiTATiON was established by Newton, and its laws fuller 
developed, that all the circumstances of the tides were clearly 
explained, and shown inoontestably to depend on the influence of 
the sun and moon. 

2. There are few subjects in physical science about which there 
prevail more erroneous notions among those who are but a little 
informed, than with respect to the tides. A common idea is, 
that the attraction of the moon draws the waters of the earth 
toward that side of the globe on which it happens to be placed, 
and that consequently they are heaped up on that side, so that 
the oceans and seas acquire there a greater depth than else- 
where; and thus it is attempted to be established that high 
water will take place under, or nearly under, the moon. But 
this neither corresponds with the fact, nor,' if it did, would it 
explain it. High water is not produced merely under the moon, 
but is equally produced upon those parts most removed from the 
moon. Suppose a meridian of the earth so selected, that if its 
plane were continued beyond the earth, it would pass through 
the moon ; then we find that, subject to certain modifications, a 
great tidal wave, or what is called high water j will be formed on 
both aides of this meridian ; that' is' to say, on the side next the 
moon, and on the side remote from the moon. As the moon 
moves in her monthly course round the earth, these two great 
tidal waves follow her. They are, of course, separated from each 
other by half the circumference of the globe. As the globe 
revolves with its diurnal motion upon its axis, every part of its 
surface passes successively, under these tidal waves ; and at all such 
parts as pass under them, there is the phenomenon of high water. 
Hence it is that in all places there are two tides daily, having an 
interval of about twelve hours between them. Now if the common 
notion of the cause of the tides were well founded, there would be 
only one tide daily; viz., that which would take place when the 
moon is at or liear the meridian. 

3. That the moon's attraction upon the earth simply considered 
would not explam tHe tides, is easily shown. Let us suppose 
that the whole^inass of matter on the earth, including the waters 
which partially cover it, were attracted eqtuiUy by the moon ; 
they would then be equally drawn towards that body, and no 
reason would exist why they should be heaped up imder the 
moon ; for if they were drawn with the same force as that with 
which the solid globe of the earth imder them is drawn, there 
would be no reason for supposing that the waters would have a 
greater tendency to collect towards the moon than the solid 
bottom of the ocean on which they rest. In short, the whole 
mass of the earth, solid and fluid, being drawn with the same 
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force, would equally tend towards tlie moon ; and its parts, whether 
solid or fluid, would preserve among themselves the same relative 
position as if they were not attracted at all. 

4. When we observe, however, in a mass composed of various 
particles of matter, that the relative arrangement of these par- 
ticles is disturbed, some being driven in certain directions more 
than others, the inference is, that the component parts of such 
a mass must be placed under the operation of different forces ; 
those which tend more than others in a certain direction being 
driven with a proportionally greater force. Such is, in fact, the 
case with the earth, placed under the attraction of the moon. 
Newton showed that the law of gravitation is such, that its 
attraction increases as the distance of the attracted object dimi- 
nishes, and diminishes as the distance of the attracted object 
increases. The exact proportion of this change of energy of the 
attractive force, is technically expressed by stating that it is in the 
inverse proportion of the square of the distance ; the meaning of 
which is, that the attraction which any body like the moon would 
exercise at any proposed distance, is four times that which it 
would exercise at twice the distance ; nine times that which it 
would exert at three times the distance ; one-fourth of that which 
it would exercise at half the distance, and one-ninth of that which 
it would exercise at one-third the distance, and so on. Thus we 
have an arithmetical rule, by which .we can with certainty and 
precision say how the attraction of the moon will vary with any 
change of its distance from the attracted object. Let us see how 
this will be brought to bear upon the explanation of the effect of 
the moon's attraction upon the earth. 

Let A, B, c, D, E, F, G, H, represent the globe of the earth, 
and, to simplify the explanation, let us first suppose the entire 
surface of the globe to be covered with water. 
Let H be the moion, and let h be the nearest, 
and D the most remote part of the earth. 
Now it will be very apparent that the various 
points of the earth's surface are at different 
distances from the moon: a and a are more 
remote than H ; b and v still more remote ; c 
and B more distant again, and d most remote 
of all. The attraction which the moon exercises 
at n is, therefore, greater than that which it 
exercises at a and g, and still greater than that 
which it produces at b and r ; and the attrac- 
tion which it exercises at d is least of all. Now 
this attraction equally affects matter in every state and con- 
dition. It affects the particles of fluid as well as solid matter, 
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bat there is this differenoe between these effects ; that where it 
aots npon solid matter, the oomponent parts of which are at diffe- 
rent distances from it, and therefore subject to different attractions, 
it will not distorb their relatiYe arrangement, since such dis- 
turbances or disarrangements are prevented by the cohesion which 
characterises a solid body ; but this is not the case with fluids, 
the particles of which are mobile, and which, when solicited by 
different forces, will haye their relatire arrangemente disturbed in 
a corresponding manner. 

The attraction which the moon exercises upon the shell of water 
which is collected immediately under it near the point e, is greater 
than that which it exercises upon the solid mass of the globe 
between h and b ; consequently there will be a greater tendency 
of this attraction to draw the fluid which reste upon the surface at 
s towards the moon, than to draw the solid mass of the earth 
which is more distant. 

As the fluid, by ite nature, il £ree to obey this excess of 
attraction, it will necessarily heap itself up in a pile or wave oyer 
H, forming a more conyex protuberance between b and i, as 
represented in the figure. Thus high water will take place at h, 
immediately under the moon. The water which thus coUecte at 
E, will necessarily flow from the regions b and 7, where, there- 
fore, there will be a diminished quantity of water in the same 
proportion. 

But let us now consider what happens to that part of the earth, 
B, most remote from the moon. Here the waters being more 
remote from the moon than the solid mass of the earth under 
them, will be less attracted ; and consequently will haye a less 
tendency to gravitete towards the moon. The solid mass of the 
earth, b h, will, as it were, recede from the waters at h", in 
yirtue of the excess of attraction, leaying these waters behind it, 
which will thus be heaped up at n, so as to form a conyex pro- 
tuberance between L and k, similar exactly to that which we haye 
already described between £ and i. As the difference between 
the attraction of the moon on the waters at z and the solid earth 
under the waters, is nearly the same as the difference between its 
attraction on the latter and upon the waters at N, it follows that i 
the height of the fluid protuberances at z and ir are nearly equsL | 
In other words, the height of the tides on opposite sides of the | 
earth, the one being under the moon and the other most remote 
from it, is nearly the same. 

Now from this explanation it will be apparent, tiiiat the cause 

of the tides, so far as the action of the moon is concerned, is not, 

as is yulgarly supposed, due to the mere attraction of the moon; 

since, if that attraction were equal in all the component parts of 
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the earth, there would assuredly be no tides. We are to look for 
the cause, then, not in the attraction of the moon, but in the 
inequality of its attraction on different parts of the earth. The 
greater this inequality is, the greater will be the tides. Hence, 
as the moon is subject to a slight variation of distance from the 
earth, it will foUow, that when it is at its least distance, or at the 
point called perigee^ the tides wiU be greatest ; and when it is at 
the greatest distance, or at the point called apogee^ the tides will 
be least; not because the entire attraction of the moon in the 
former case is greater than in the latter, but because the diameter 
of the globe bearing a greater proportion to the lesser distance 
than the greater, there "idll be a greater inequality of attraction. 

It will doubtless occur to those who bestow on these obserra- 
tions a little reflection, that all which we have stated in reference 
to the effect produced by the attraction of the moon upon the 
earth, will also be applicable to the attraction of the sun. This 
is undoubtedly true ; but in the case of the sun the effects are 
modified, in some very important respects, as will readily be seen. 
The sun is at four hundred times a greater distance than the 
moon, and the actual amount of its attraction on the earth would, 
on that account, be one hundred and sixty thousand times less 
than that of the moon ; but the mass of the sun exceeds that of 
the moon in a much greater ratio than that of one himdred and 
sixty thousand to one. It therefore possesses a much greater 
attracting power in virtue of its mass, compared with the moon, 
than it loses by its increased distance. The consequence is, that 
it exercises upon the earth an attraction enormously greater than 
the moon exercises. Now, if the simple amount of its attraction 
were, as is commonly supposed, the cause of the tides, the sun 
ought to produce a vastly greater tide than the moon. The 
reverse is, however, the case, and the cause is easily explained. 
Let it be remembered, the tides are due solely to the inequality of 
the attraction on different sides of the earth, and the greater that 
inequality is, the greater will be the tides, and the less that ine- 
quality is, the less will be the tides. 

6, The rate at which the attraction decreases with the increase 
of distance being clearly imderstood, nothing can be more easy of 
solution than the question of the difference between the influences 
of the sun and the moon in raising a tide. 

The distance, H o, of the moon from the earth's centre is in 
round numbers sixty semi-diameters of the earth. Its distance, 
M H, from the nearest part of the earth's surface is therefore flfty- 
nine semi-diameters of the earth. Now since its attraction upon 
the entire solid mass of the earth is the same as if it were 
collected at the oentrO) o, and since we may regard its attraction 
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on the waters to be the same as if they were collected at h» it will be 
eyident that the moon's attraction on the solid earth will be less 
than its attraction upon the waters which lie on the nearer side of 
the earth in the proportion of the square of 60 to the square of 59, 
that is, as 3600 to 3481, and consequenUy the difference of the 
two attractions will be to the whole attraction exerted by the 
moon upon the earth as 119 to 3600, or what is the same, as 1 to 
30^. Thus it appears that the moon's power to raise a tide on the 
nearer side of the earth is little less than a thirtieth part of its 
entire attraction on the earth. 

By the same method of calculation, the power of the sun to 
raise a tide may be ascertained. The sun's distance from the 
centre of the earth is just twenty-four thousand semi-diameters 
of the earth, and its distance from the waters, on the nearer side 
of the earth is therefore twenty-three thousand nine hundred 
and ninety-nine' semi-diameters. It follows, therefore, that its 
attraction on the waters on the nearer side exceeds the attraction 
on the earth, in the proportion of the square of 24000 to the 
square of 23999, that is, in the proportion of 576,000000 to 
575,952001, and consequentiy the difference between its attrac- 
tion on the waters, and its attraction on the solid earth, under the 
waters, has to its entire attraction the proportion of 47999 to 
676,000000, or, what is the same, that of 1 to 12000 ; so that 
the sun's power. to raise a tide is about the twelve-thousandth part 
of its whole attraction on the earth. 

It appears, therefore, from this reasoning and calculation, that 
the moon's power to raise a tide is about the thirtieth part of its 
entire attraction, while the sun's power is the twelve-tiiousandth 
part of its attraction. If the entire attraction of the moon were 
equal to that of the sun, it would therefore follow very obviously 
that the moon's power to raise a tide would be greater than that 
of the sun, in the proportion of 12000 to 30, or what is the same, 
of 400 to 1. But the proportion in favour of the moon's influence 
is not nearly so great as this, because the entire attraction of the 
moon is much less than that of the sun. Let us consider in what 
proportion it is less. It is demonstrated by astronomers, that the 
mass of the sun is 28,394880 times greater than that of the 
moon. If the sun, therefore, were as near the earth as the moon 
is, its attraction would be 28,394880 times greater than that of the 
moon. But being at a distance 400 times greater than that of 
the moon, its attraction is diminished in the proportion of the 
square of 400, or 160000 to 1. Its actual attraction will, 
therefore, be found, relatively to that of the moon, by merely 
dividing 28,394880 by 160000, which gives 177i. 

6. Since, therefore, the moon's power to raise a tide would be 
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400 times greater than that of the sun, if their entire attractions 
on the eartii were equal, it will be less than this, ini the ratio of 
177^ to 1, inasmuch as the entire amount of the moon's attraction 
is less than that of the sun in that proportion. The moon's 
power to raise a tide is, th^efore, greater than that of the sun in 
the ratio of 400 to 177^, or of 2^ to 1. Other calculations make it 
about 2^ to 1. 

7. It appears, therefore, that there is a solar as well as a lunar 
tide ; and as the lunar tidal wave follows the dismal motion of 
the moon, the solar tidal wave follows that of the sun. When 
the sun and moon are, therefore, either on the same or on 
opposite sides of the earth, which they are at the epochs of new 
and full moon, the two tidal waves will be superposed ; but 
when their directions are most removed one from the other, 
which they are when the moon is in the quarters, the two tidal 
vraves are most separated, being also ninety degrees of the 
•earth's surface apart. 

In the one case, a tide is produced corresponding to the sum 
of the effects of the actions of the moon and sun ; and, in the 
other case, to their difference. 

8. These circumstances will be better imderstood by referring 
to the illustrative diagrams. In fig. 2, s represents the sun, H the 
moon when new, and m' when full. The solar and lunar tidal 
waves in these cases coincide, and are heaped one upon the other, 
producing what are called sPBiNa tides. 

In fig. 3, s represents the sun, and h and h' the moon in 
the quarters. In this case, the solar tidal wave is ninety degrees 
or a quarter of the earth's circumference from the lunar tidal 
wave, and the waters which form it are necessarily drawn from 
the side of the earth on which the lunar tide places itself. It 
is evident, therefore, that, in this case, the solar tide being 
formed at the expense of the lunar, the latter will be much less 
high. The tides in this case are called neap tides. 

9. If physical effects followed immediately, without any appre- 
ciable interval of time, the operation of their causes, tiien the 
tidal wave produced by the moon would be on the meridian of 
the earth Erectly under and opposite to that luminary; and 
the s'ame would be true of the solar tides. But the waters of the 
globe have, in common with all other matter, the property of 
inertia, and it takes a certain interval of time to impress upon 
them a certain change of position. Hence it follows that the 
tidal wave produced by the moon is not formed immediately 
under that body, but follows it at a certain distance. In conse- 
quence of this, the tide raised by the moon does not take place 
for two or three hours after the moon passes the meridian ; and 
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as the aotion of the sun is still more feeble, there is a still greater 
interval between the transit of the son and the occarrenoe of the 
aolar tide. 
But besides these ciremnstanoesy the tide is affected hy other 




causes. It is not the separate effect of either of these bod^8» 
but the combined effect of both, and at every period of *" 
month, the time of actual high water is either accelerated or 
retarded by the sun. In the first and third Quarters of tn^ 
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moon, the solar tide is westward of the lunar one ; and, eonse- 
qnently, the actual high water, which is the result of the 
comhination of the two waves, will be to the westward of the 
place where it would have been if the moon acted alone, and the 
time of high water will therefore be accelerated. In the second and 
fourth quarters the general effect of the sun is, for a similar 
reason, to produce a retardation in the time of high water. This 
effect, produced by the sun and moon combined, is what is 
commonly called ^e priming and lagging of the tides. 

The highest spring tides occur when the moon passes tiio 
meridian about an hour after the sun ; for then the mft-yim^m 
effect of the two bodies coincides. 

The subject of the tides has received much attention from 
several scientific investigators in Europe. The discussions held 
at the annual meetings of the British Association for the 
Advancement of Science, on this subject, have led to the 
development of much useful information. The labours of 
Br. Whewell have been especially valuable on these questions. 
Sir John Lubbock has also published a valuable treatise upon it. 
To trace the results of these investigations in all the details, 
which would render them clear and intelligible, would greatly 
transcend the necessary limits of this notice. We shall, however^ 
briefly advert to a few of the most remarkable points connected 
with these questions. 

10. The apparent time of high water at any port in the after- 
noon of the day of new or full moon, is what is usually called the 
establishment of the port. Dr. Whewell calls this the vulgar 
establishment, and he calls the corrected establishment the mean 
of all the intervals of the tides and transits of half a month. 
This corrected establishment is consequently the luni-tidal 
interval corresponding to the day on which the moon passes the 
meridian at noon or midnight. 

The two tides immediately following another, or the tides of 
the day and night, vary, both in height and time of high water, 
at any particular place with the distance of the sun and moon 
from the equator. As the vertex of the tide-wave always tends 
to place itself vertically under the luminary which produces it, 
it is evident that, of two consecutive tides, that wMeh happena 
when the moon is nearest the zenith, or nadir, will be greater 
than the other ; and, consequently, when the moon's dedination 
is of the same denomination as the latitude of the place, the tide 
which corresponds to the upper transit will be greater than tho 
opposite one, and vice versd, the differences being greatest when 
the sun and moon are in opposition, and in opposite tropics. Thia 
is called the diurnal inequality, because its cycle is one day ; but 
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it Taries greatly at different plaoes, and its laws, which appear 
to be governed by local circumstances, are very imperfectly 
known. 

11. We have now described the principal phenomena that would 
take place were the earth a sphere, and covered entirely with a 
fluid of uniform depth. But the actual phenomena of the tides 
are infinitely more complicated. From the interruption of the 
land, and the irregular form and depth of the ocean, combined 
with many other disturbing circumstances, among which are the 
inertia of the waters, the friction on the bottom and sides, the 
narrowness and length of the channels, the action of the wind, 
currents, difference of atmospheric pressure, &c. &c., great 
variation takes place in the mean times and heights of high 
water at places differently situated ; and the inequalities above 
alluded to, as depending on the parallax of the moon,>er position 
with respect to the sun, and the declination of the two bodies, 
are, in many cases, altogether obliterated by the effects of the 
disturbing influences, or can only be detected by the calculation 
and comparison of long series of observations. 

12. According to Dr. Whewell, the general progress of the great 
tide-wave may be thus described: — It is only in the Southern 
ocean, between the latitudes of 30^ and 70"^, that a zone of water 
exists of sufficient extent to allow of the tide- wave being formed. 
Suppose, then, a line of contemporary tides, or cotidal line^ to be 
formed in the Indian ocean, as the theory supposes, that is to 
«ay, in the direction of the meridian, and at a certain distance 
to the eastward of the meridian in which the moon is. As this 
'tide-wave passes the Cape of Qood Hope, it sends off a derivative 
undulation, which advances northward up the Atlantic ocean, 
preserving always a certain proportion of its original magnitude 
and velocity. In travelling along this ocean the wave assumes 
a curved form, the convex part keeping near the middle of the 
ocean, and ahead of the branches, which, owing to the shallower 
waters, lag behind on the American and AMcan coasts, so that 
the cotidal lines have always a tendency to make very oblique 
singles with the shore, and, in fact, run parallel to it for great 
<LiBtances. The main tide, Dr. Whewell conceives, after reaching 
the Orkneys, will move forward in the sea bounded by the shores 
of Norway and Siberia on one side, and those of Greenland 
and America on the other, will pass the pole of the earth, 
and Anally end its course on the shores in the neighbourhood of 
Behring's Straits. It may even propagate its influence through 
the straits, and modify the tides of the North Pacific. But a 
branch, tide is sent off from this main tide into the German 
>ocean ; and this, entering between the Orkneys and the coast of 
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Norway, brings the tide to the east coast of England and to the 
coasts of Holland, Denmark, and Germany. Continuing its 
course, part of it passes through the strait of Dover and meets 
in the English channel the tide from the Atlantic, which arrives 
on the coast of Europe twelve hours later ; but in passing along 
the English coast, another part of it is reflected from the pro- 
jecting land of Norfolk upon the north coast of Germany, and 
again meets the tide-wave on the shores of Denmark. Owing 
to this interference of different tide- waves, the tides are almost 
entirely obliterated on the coast of Jutland, where their place is 
supplied, by continual high water. 

In the Paciflc Ocean the tides are very small ; but there are 
not sufficient observations to determine tiie forms and progress 
of the cotidal lines. Off Cape Horn, and round the whole shore 
of Terra-del-Fuego, from the western extremity of Magellan's 
Strait to Staten Island, it is very remarkable that the tidal wave, 
instead of following the moon in its diurnal course, travels to 
the eastward. This, however, is a partial phenomenon ; and a 
nttle farther to the north of the last-named places, the tides set 
to the north and west. In the Mediterranean and Baltic seas, 
the tides are inconsiderable, but exhibit irregularities for which 
it is difficult to account. The Indian Ocean appears to have high 
water on all sides at once, though not in the central parts at the 
same time. 

13. Since the tides on our coast are derived from the oscillations 
produced under the direct agency of the sun and moon in the 
Southern Ocean, and require a certain interval of time for their 
transfer, it follows that, in general, the tide is not due to the 
moon's transit immediately preceding, but is regulated by the 
position which the sun and moon had when they determined the 
primary tide. The time elapsed between the original formation 
of the tide and its appearance at any place is called the age of 
the tide, and sometimes, after Bernoulli, the retard. On the 
shores of Spain and Nortli America, the tide is a day and a half 
old; in the. port of London, it appears to be two days and a half 
old when it arrives. 

14. In the open ocean the crest of tide travels with enormous 
velocity. If lie whole surface were uniformly covered with 
water, the summit of the tide-wave, being mainly governed by 
the moon, would everywhere follow the moon's transit at the 
same interval of time, and consequently travel round the earth in 
a little more than twenty-four hours. But the circumference of 
the earth at the equator being about 25000 miles, the velocity 
of propagation would therefore be about 1000 miles per hour. 
The actual velocity is, perhaps, nowhere equal to this, and is very 
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diflbrent at different places. In latitude 60° south, where there 
is no intermption from land (except the narrow promontory of 
Patagonia), the tide-waye will complete a reyolntion in a lunar 
day, and travel at the rate of five hundred miles an hour. 
On examining Br. Whewell's map of ootidal lines, it will be 
seen that the great tide-wave from ike Southern Ocean travels 
from the Cape of Good Hope to the Azores in about twelve hours, 
and from the Azores to the southernmost part of Ireland in about 
three hours more. In the Atlantic, the hourly velocity in some 
cases appears to be 10° of latitude, or near 70O miles, which is 
almost equal to the velocity of sound through the air. From 
the south point of Ireland to the north point of Scotland, the time 
is eight hours, and the velocity about 160 miles an hour along 
the sJiore. On the eastern coast of Britain, and in shallower 
water, the velocity is less. From Buchanness to Sunderland it i& 
about sixty miles an hour ; from Scarborough to Cromer, thirty- 
five miles; from the North Foreland to London, thirty miles ; 
from London to Bichmond, thirteen miles an hour in that part of 
the river. (Whewell, Phil. Tram. 1833 and 1836.) When we 
speak of the velocity of the tidal wave, it must not be imagined 
that the mass of water of which the wave is composed has this 
velocity. If such were the case, its momentum would be 
destructive indeed. The motion of the tidal wave is only a 
particular instance of imdulatory motion, which is so often mis- 
understood, and so frequently imputed to the fiuid on which the 
wave is formed, that it may be worth while here to explain it in 
general. 

15. "When we see the waves, produced on the surface of the 
deep, apparently moving in a certain direction, we are very 
naturally impressed, in the first instance, with the notion that the 
sea itself is moving in that direction. We imagine that the same 
wave, as it advances, is composed of the same water, and that the 
whole surface of the liquid is in a state of progressive motion. 
The least reflection, however, on the consequences of such a 
supposition, wiU soon convince us that it is unfounded. The ship 
which floats upon the sea, is not carried forward with the waves. 
They pass in succession under her, now lifting her on their 
summits, and then letting her sink in the intermediate abyss. 
Observe a sea-fowl floating on the water, and the same effect will 
be witnessed. If the water itself partook of the motion of the 
waves, the ship and the fowl would each be carried forward as if 
by a current, and would have the same progressive motion as the 
liquid. Once on the crest of a wave, there they would constantly 
remain, and their motion would be as smooth as if they were pro* 
pelled upon the calm surface of a lake ; or if once in the hdbw 
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between wave and wave, there likewise tbey would continnally 
remain, the one wave always keeping before, and the other behind 
them. 

The experiment may be tried upon a tub of water. Let a 
pebble drop into the centre of it. Bings of wayes will imme- 
diately be formed round the place where it falls, and they will 
appear to moye outwards from the place of the fSedl towaids the 
edge of the tub. If a cork be plao^ anywhere upon the water, 
it will not be carried by these waves towards the edge of the 
tub, but will float in the same place, the waves passing succes- 
sively under it, and the cork rising and sinking as the crest and 
hollow pass it. 

If we observe the waves of the sea breaking on a level strand, 
we shall soon be convinced that their apparent progressive motion 
does not affect the water, for if it did, the sea would soon flow 
in upon the shores, and inundate the adjacent country. So 
far, however, from the water's partaking of the apparent motion 
of the waves in approaching the shore, this motion of the waves 
continues the same even when the water is retiring^ If we 
observe a flat strand when the tide is ebbing, we shall still And 
the waves moving towards the shore. 

16. That this apparent motion of water in a state of undula- 
tion is a mere optical illusion we cannot therefore doubt. But. 
we are naturally curious to learn what is the cause of this 
illusion. That a progressive motion takes place in eomething, we 
have proof from the evidence of our eyes. That no progressive 
motion takes place in the liquid we have also proof, from the 
evidence of our eyes, and from other still more unquestionabib 
testimony. To what then does this progressive motion belong ? 
we answer, to the form of the wave, and not to the liquid that 
composes it. 

To make this apparent, let A b c B E, &o. (fig. 4), represent 
the surface of the sea, c and L being the crests of two suc- 
cessive waves, and g the hollow between them, and let x x 
represent the bottom of the sea. After a given interval, ten 
seconds for example, let the position of the waves hQabcde, &c., 
the motion being directed from A towards b. Now this motion 
of the waves is produced in the following manner : — ^The water 
which was at A sinks, during the interval of ten seconds, to a, 
the water which was at b sinks to 5, that which was at c to c, 
that which was at D rises to d, that which was at E rises to e, 
that which was at F to /, and so on. Thus, in the interval, all 
parts of the water on one side of a certain point sink, and all 
those at the other side rise, the extent to which they rise and 
sink being such, that the surface assumes the new position 
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ah e de, &o. That it is aotaally the case may be demonstrated 
hj placing on the surface a series of floating bodies, each of 



Fig. 4. 




which will be observed to rise or sink with the water in the 
manner here described. 

It appears, therefore, that the advance of the wave from 
ACEtocc^Aisin fact produced not by any advance of the 
water, but by its different points rising and sinking alternately 
in the vertical direction. It will thus be understood how the 
form of a wave may actually have a progressive motion, while 
the water that composes it continues always to hold the same 
position over the bottom. The real motion of the particles of 
the liquid by which the waves are produced is an alternate 
vertical motion upwards and downwards through a height equal 
to the difference between the level of the crest and the hollow 
of each wave, or what is the same, through twice the height 
of the crest of the wave above that level at which the water 
would settle if it were absolutely quiescent and free from aU 
undulation. 

If a cloth were laid loosely over a number of parallel rollers 
placed at equal distances asunder, so that it would fall between 
roller and roller, it would represent the form of a series of 
waves. If a progressive motion were given to the rollers, the 
cloth being kept stationary, the progressive motion of the waves 
would be produced ; — ^the cloth would seem to advance. 

It is the same cause which makes a revolving cork-screw, 
held in a fixed position, seem to be advancing in that direction 
in which it would actually advance if the screw were passing 
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through a cork. The point which is nearest to the eye, and which 
corresponds to the crest of the wave in the former example, con- 
tinually occupies a different point of the worm, and continually 
advances towards its extremity. 

This property has been prettily applied and illustrated in 
clocks for the chimney-piece or console. A round rod of glass, 
twisted 80 that a ridge in the form of a screw is produced upon 
its surface, is inserted in the mouth of some figure, such as a 
lion or a dolphin, which being supposed to discharge water, 
forms a foimtain. The extremity of the glass rod concealed 
within the mouth of the figure, is fixed on the axis of a wheel, 
to which a continual motion of rotation is imparted by the 
works of the clock, and the other end is concealed in the vessel 
designed to represent the basin, or reservoir, of the fountain. 
The constant rotation of the twisted glass rod produces the 
appearance of a progressive motion from the mouth of the figure 
to the reservoir, as already explained in the example of the 
cork-screw, and the rod of glass appears like a stream of water 
continually issuing from the fountain, and falling into the 
reservoir. 

To return to the phenomena of the tides, it is necessary to 
observe that there is, nevertheless, a real progressive motion of 
the water directed up the course of tidal rivers, and upon the 
flat strands of bays and inlets. This, however, is not the pro- 
gressive motion of the tide-wave, but that of the water falling 
from the height to which it has been raised, as it might flow 
down the side of a declivity. 

17. The difference of level between high and low water is 
affected by various causes, but chiefly by the configuration of the 
land, and is very different at different places. In deep inbends of 
the shore, open in the direction of the tide-wave and gradually 
contracting like a funnel, the convergence of water causes a very 
great increase of the range. Hence the very high tides in the 
Bristol Channel, the bay of St. Male, and the bay of Fundy, 
- where the tide is said to rise sometimes to the height of one 
hundred feet. Promontories, umder certain circumstances, exert 
an opposite influence, and diminish the magnitude of the tide. 
The observed ranges are also very anomalous. At certain places 
on the south-east coast of Ireland, the range is not more than 
three feet, while at a little distance on each side it becomes twelve 
or thirteen feet ; and it is remarkable that these low tides occur 
directly opposite the Bristol Channel, where (at Chepstow) the 
difference between high and low water amounts to sixty feet. In 
the middle of the Paciflc it amounts to only two or three feet. 
At the London Docks, the average range is about 22 feet ; at 
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liverpool, 15*5 feet ; at Portsmouth, 12*5 feet ; at Plymoath, also 
12*5 feet ; at Bristol, 33 feet 

18. Besides the numerous causes of irregularity depending on 
the local ciroumstanoes, the tides are also affected by the state of 
the atmosphere. At Brest, the height of high water Taries 
inversely as the height, of the barometer, and rises more than 
eight inches for a feJl of about half an inch of the barometer. At 
Liverpool, a fall of one-tenth of an inch in the barometer cor- 
responds to a rise in the river Mersey of about an inch ; and at 
the London Docks, a fall of one-tenth of an inch corresponds to a 
rise in the Thames of about seven-tenths of an inch. With a 
low barometer, therefore, the tide may be expected to be high, 
and vice versd. The tide is also liable to be disturbed by winds. 
Sir John Lubbock states, that in the violent hurricane of January 
8th, 1839, there was no tide at Chdnsborough, which is twenty- 
five miles up the Trent — ^a circumstance imknown before. At 
Saltmarsh, only five miles up the Ouse from the Humber, the 
tide went on ebbing, and never flowed until the river was dry 
in some places ; while at Ostend, towards which the wind was 
blowing, contrary effects were observed. During strong north- 
westerly gales the tide marks high water earlier in the Thames 
than otherwise, and does not give so much water, while the ebb 
tide runs out late, and marks lower ; but upon the gales abating 
and weather moderating, the tides put in and rise much higher, 
while they also run longer before high water is marked, and 
with more velocity of current: nor do they nm out so long or 
so low. 
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1. Fopnlar opinioni on Lnoar Inflnences. — 2. Bed moon. — 8. Time for 
felling timber. — I. Supposed Lunar Inflnenoes on yegetablee. — 5. On 
the complexion. — 6. On pntre&ction. — 7. On thell-fi^h. — 8. On the 
marrow of animals. — 9. On the weight of the hnman body. — 10. On 
births. — 11. On incnbation. — 12. (& mental derangement and other 
human maladies — Instances of this supposed influence during eclipse 
given by Faber and Bamazzini — Amusing anecdote of a village ewn» 
near Paris — Examples of Vallisnieri and Bacon — Observations and 
examples of Menuret, Hoffmann, Dr. Mead, Pyson, and Dr. QalL — 
13. Difficulty of showing fallacy of these opinions by reasoning or 
proof — Dr. Olbers' partial refutation of them — Arago*s opinion on 
them. — 14. General conclusion that few of these influences have any 
foundation in fSoct. 

1. Astronomers have demonstrated that the eflfects of the 
noon's gravitation are manifested by various phenomena upon 
the surface of the earth, among which the most conspicuous are 
the tides of the ocean. But popular opinion, advancing further, 
has in all nations, and in all ages, claimed for our satellite a vast 
number of other influences which do not seem to appertain to its 
mere physical attraction. Tlie vicissitudes of the weather which 
have been supposed to follow the course of the lunar phases 
might be imagined, if they could be shown to have any reality, 
to be produced by atmo8[)heric tides or currents arising from the 
Lakdxer's Museum or Scirncs. i 113 
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moon's attraction, like the tides of the ocean. We have shown, 
however, in another number of this series, that there are no 
grounds whatever, either in theory or in observation, for im- 
puting to the moon any such meteorological influence, and that, 
as a matter of fact, there is no such accordance or correspondence 
whatever between the lunar phases and the changes of the 
weather. 

There are, however, a numerous class of other influences 
which popular opinion has imputed to our satellite, which we 
propose to examine, and which, however absurd some of them 
may appear in a scientific point of view, claim to be seriously 
considered, inasmuch as they have prevailed among mankind in 
almost all countries and throughout all ages. 

According to these popular opinions and traditions, our 
satellite is responsible for a vast variety of influences on the 
organised world. The circulation of the sap in vegetables, the 
qualities of grain, the goodness of the vintage, are severally laid 
to its account ; and timber must be planted, transplanted, and 
felled, the harvest cut down and gathered in, the juice of the 
grape expressed, and its subsequent treatment regulated at times 
and under circumstances having determined relations to the 
aspects of the moon, if excellence be looked for in these 
products of the soiL According to popular belief, our satellite 
also presides over human maladies, and the phenomena of the 
sick chamber are governed by the lunar phases ; nay, the veiy 
marrow of our bones and the weight of our bodies suffer 
increase or diminution under its influence. Nor is its influence 
limited to mere physical and organic effects ; it extends its sway 
into the region of intellectual phenomena, and notoriously 
governs mental derangement. 

If such doctrines and opinions were limited to particular 
nations, or prevailed only at particular epochs, they would be 
less entitled to serious consideration. But it is a curious fsuct, 
and one which it is extremely diflSlcult to account for, that many 
of these doctrines prevail and have prevailed among nations and 
people so distant and unconnected, that it is impossible to 
imagine the same errors to have had the same origin. At all 
events the extent and long continuance of their prevalence 
entitles them to grave investigation. We propose, therefore, at 
present to state some of the principal facts and arguments 
bearing on these points, for the collection of most of which we 
are indebted to the labours and research of M. Aragp. 

To analyse all the 'popular opinions which relate to lunar 
influences would require a volume. We shall confine ourselves 
therefore to the principal of them, and shortly examine how 



THE RED MOON. 

far they can be reconciled with the established principles of 
astronomy and physics. 

2. The Red Moon, — It is believed generally, especially in the 
neighbourhood of Paris, that in certain months of the year, the 
moon exerts a great influence upon the phenomena of vegetation. 
Gardeners give the name of Bed Moon to that moon which is 
full between the middle of April and the close of May. Accord- 
ing to them the light of the moon at that season exercises an 
injurious influence upon the young shoots of plants. They say 
that when the sky is clear the leaves and buds exposed to the 
lunar light redden and are killed as it by frost, at a time when 
the thermometer exposed to the atmosphere stands at many 
degrees above the freezing point. They say, also, that if a 
clouded sky intercept the moon's light it prevents these injurious 
consequences to the plants, although the circumstances of tem- 
perature are the same in both cases. 

According to the notions of these agriculturists the rays of 
lunar light are endowed with a certain frigorific property, in 
the same manner as those of solar light are endowed with a 
calorific virtue ; and that as the latter raise the temperature of 
objects upon which they are directed, the former, on the con- 
trary, lower their temperature. 

Now this question has been submitted to the test of direct 
experiment, and the result has been directly opposite to such 
a notion. The bulb of a thermometer sufficiently sensitive to 
render apparent a change of temperature amounting to the 
thousandth part of a degree, was placed in the focus of a concave 
];pflector of vast dimensions, which being directed to the moon, 
the lunar rays were collected with great power upon it. Not the 
slightest change, however, was produced in the thermometric 
column, proving that a concentration of rays sufficient to fuse 
gold, if they proceeded from the sun, does not produce a change 
of temperature so great as the thousandth part of a degree when 
they proceed from the moon. 

Nevertheless, the fact observed by the gardeners and agri- 
culturists is real, subject only to the objection that their 
observation of it has not been sufficiently extended. Had they 
observed the effects produced on clear and clouded nights which 
are not moonlit, they would have discovered the moon's inno- 
cence of the offence they charge against her. 

That these phenomena are wrongly ascribed to the influence 
of the moon, will be easily comprehended by any one who is 
familiar with the physical principles which govern the radiation 
and reflection of heat. 

All bodies, whatever be the matter of which they are formed, 
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and whatever be their temperature, emit continnally rays of 
heat, jast as the sun or any luminous body emits rays of light. 
The intensity with which this radiation takes pla^ depends 
partly on the temperature, partly on the sort of matter, }>artly 
on the state of the sur&ce of the body. The higher the tem- 
perature, other things being the same, the more intense will be 
the radiation. Certain sorts of bodies are stroog, while others 
are feeble, radiators. Metallic bodies are examples of the latter, 
and charcoal of the former. Polished surfaces are unfavourable, 
rough surfaces favourable to radiation. 

All bodies are likewise capable of reflecting from their surfaces 
the rays of heat which fall upon them. Bat different bodies 
possess this quality of reflection in different degrees, according to 
the state of their surfaces ; those which have the greatest power 
of radiation having the least power of reflection. 

A clear and unclouded sky, being in fact empty space, cannot 
reflect back to the earth any of the heat which is radiated by 
bodies on the earth ; but if the sky be clouded, the heat thus 
radiated will be reflected back to the earth in a greater or less 
degree. 

If, therefore, the firmament at night be clear and undouded, 
all bodies on the surface of the earth radiating heat towards it, 
and receiving back no part of that heat by reflection, will lose 
temperature, will become colder ; and this fall of temperature 
will be greater with bodies which are strong radiators than with 
those which are feeble radiators. 

But if the firmament be covered with clouds, the heat which 
all bodies on the surface of the earth radiate will be reflected 
back to them by the clouds, and receiving as much or nearly as 
much as they emit, their temperature will be maintained. 

So powerful is the cooling effect of an unclouded sky, that in 
hot climates water is frozen by such exposure. It is placed in 
porous earthen pots, under the clear sky. It loses heat at the 
same time by radiation from its surface, by radiation from the 
surface of the earthen pan, and by evaporation, especially from 
the latter surface. The result of these combined effects is, that 
the water in the pans is congealed, although the temperature of 
the air and surrounding objects may be considerably above the 
point of congelation. 

The leaves and flowers of plants are always strong radiators 
of heat, and on a clear and unclouded night they lose temperature 
continually by this radiation, not receiving at the same time any 
return by reflection. But if, as has been explained above, the sky 
be clouded, they will receive as much as they give, and their 
temperature will not fall. 
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The moon, therefore, has no connexion whatever with this 
effect ; and it is certain that plants would suffer under the same 
circumstances whether the moon is above or below the horizon. 
It equally is quite true that if the moon be above the horizon, 
the plants cannot suffer unless it be visible ; because a dear sky 
is indispensable as much to the production of the injury to the 
plants as to the visibility of the moon ; and, on the other hand, 
the same clouds which veil the moon and intercept her light, give 
back to the plants that warmth which prevents the injury here 
adverted to. The popular opinion is therefore right as to the 
effect, but wrong as to the catue ; and its error will be at once 
discovered by showing that on a clear night, when the moon is 
new, and, therefore, not visible, the plants will be similarly 
affected. 

3. Time for felling Timber, — An opinion is generally enter- 
tained that timber should be felled only during the decline of the 
moon ; for if it be cut down during its increase, it will not be of 
good or durable quality. This impression prevails in various 
countries. It is acted upon in England, and is made the ground 
of legislation in France. The forest laws of the latter country 
interdict the cutting of timber during the increase of the moon. 
M. Auguste de Saint Hilaire states that he found the same 
opinion prevalent in Brazil. Signor Francisco Pinto, an eminent 
agriculturist in the province of Espirito Santo, assured him as 
the result of his experience, that the wood which was not felled 
at the full of the moon was immediately attacked by worms and 
very soon rotted. 

In the extensive forests of Germany, the same opinion is 
entertained and acted upon with the most undoubting confidence 
in its truth. Sauer, a superintendent of some of these districts, 
assigns what he believes to be its physical cause. According to 
him, the ascensional force of the sap is much greater during the 
increase than during the decrease of the moon, and he infers, 
therefore, that timber which is felled in the first or second 
quarter of the moon, when the vessels are more filled with sap, 
will be spongy and more easily attacked by worms ; that it will 
be more difficult to season, and that it will warp and split by 
exposure to very slight variations of temperature ; but that, on 
the contrary, timber felled in the third or fourth quarter, when 
the sap ascends with diminished force, will be more dense and 
durable, and fitter for the purposes of structure. 

Can there be imagined in lie whole range of natural science 
a physical relation more extraordinary and unaccountable than 
this supposed correspondence between the movement of the sap 
and the phases of the moon ? Assuredly theory affords not the 
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slightest oonntenance to such a supposition : but let us inquire as 
to the fact, whether it be really the case that the quality of timber 
depends upon the state of the moon at the time it is felled. 

M. Duhamel du Monceau^ a celebrated French agriculturist, 
made direct experiments for the purpose of testing this 
question ; and clearly and conclusively showed that the quali- 
ties of timber felled in different parts of the lunar month 
are the same. M. Duhamel felled a great many trees of the 
same age, growing from the same soil, and exposed to the same 
aspect, and never found any difference in the quality of the 
timber when he compared those which were felled in the decline 
of the moon with those which were felled during its increase ; 
in general they have afforded timber of the same quality. He 
adds, however, that by a circumstance, which was doubtless 
fortuitous, a slight difference was manifested in favour of timber 
which had been felled between the new and full moon— <;ontrary 
to popidar opinion. 

4. Supposed Ltmar Infliience on Vegetables, — It is a maxim 
among gardeners, that cabbages and lettuces which are desired 
to shoot forth early, flowers which are to be double, trees which 
it is desired should produce early ripe fruit, should severally be 
sown, planted, and pruned during the decrease of the moon ; 
and that, on the contrary, trees which are expected to grow with 
vigour should be sown, planted, grafted, and pruned during the 
increase of the moon. These opinions are altogether erroneous. 
The increase or decrease of the moon has no appreciable influence 
on the phenomena of vegetation ; and the experiments and 
observations of several French agriculturists, and especially of 
M. Duhamel du Monceau (already alluded to) have clearly 
established this. 

Montanari has attempted, likeM. Saner, to assign the physical 
cause for this imaginary effect. During the day, he says, the 
solar heat augments the quantity of sap which circulates in 
plants, by increasing the magnitude of the tubes through which 
the sap moves ; while the cold of the night produces the 
opposite effect by contracting these tubes. Now, at the moment 
of sunset, if the moon be increasing, it will be above the horizon, 
and the warmth of its light would prolong the circulation of the 
sap ; but, during its decline, it will not rise for a considerable 
time after sunset, and the plants will be suddenly exposed to the 
unmitigated cold of the nighty by which a sudden contraction of 
leaves and tubes will be produced, and the circulation of the 
sap as suddenly obstructed. 

If we admit the lunar rays to possess any sensible calorific 
power, this reasoning might be allowed; but it will have very 
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little force when it is considered that the extreme change of 
temperature which can be produced bj the lunar light, does not 
amoimt to the thousandth part of a degree of the thermometer. 

It is a curious circumstance that this erroneous prejudice 
prevails on the American continent. M. Auguste de Saint 
Hilaire states, that in Brazil cultivators plant, during the decline 
of the moon, all vegetables whose roots are used as food, and, on 
the contrary, they plant during the increasing moon, the sugar- 
cane, maize, rice, beans, &c., and, in general, those which bear 
the food upon their stocks and branches. Experiments, however, 
were made and reported by M. de Chanvalon, at Martinique, on 
vegetables of both kinds planted at different times in the lunar 
month, and no appreciable difference in their qualities was dis- 
covered. 

There are some traces of a principle in tlie rule adopted by the 
South American agronomes, according to which they treat the 
two classes of plants distinguished by the production of fruit on 
their roots or on their branches differently ; but there are none 
in the European aphorisms. The directions of Pliny are still 
more specific : he prescribes the time of the full moon for sowing 
beans, and that of the new moon for lentils. " Truly," says 
M. Arago, ** we have need of a robust faith to admit without 
proof that the moon, at the distance of 240,000 miles, shall in one 
position act advantageously upon the vegetation of beans, and 
that in the opposite position, and at the same distance, she shall 
be propitious to lentils." 

Sv^posed Luna/r InfitLence on Qrain, — ^Pliny states that if we 
would collect grain for the purpose of immediate sale, we should 
do so at the full of the moon ; because, during the moon's increase 
the grain augments remarkably in magnitude : but if we would 
collect the grain to preserve it, we should choose the new moon, 
or the decline of the moon. 

So far as it is consistent with observations that more rain falls 
during the increase of the moon than during its decline, there 
may be some reason for this maxim ; but Pliny, or those from 
whom we receive the maxim, can scarcely have credit for 
grounds so rational : besides which, the difference in the quan- 
tity of rain which falls during the two periods is so utterly 
insignificant as to be totally incapable of producing the effects 
here adverted to. 

Supposed Lunar Infiwnce on WinMnahing, — ^It is a maxim of 
wine-growers, that wine which has been made in two moons is 
never of a good quality, and cannot be clear. Toaldo, the cele- 
bi*ated Italian meteorologist, whose mind appears to have been 
predisposed for the reception of lunar prejudice, attempts to 
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justify this maxim. ^Thevinoua fermentation,** he says, '^can 
only be carried on in two moons when it b^ina immediately 
before the new moon : and, consequently, that this being a time 
when the enlightened side of the moon is turned for the most 
part from the earth, our atmosphere is deprived of the heat of 
the lunar rays ; that therefore the temperature of the earth is 
lowered, and the fermentation is less active.*' 

To this we need only answer, that the moon's rays do not affect 
the temperature of the air to the extent of one thousandth part of a 
degree of the thermometer, and that the difference of tempera- 
tures of any two neighbouring places in which the process of 
making the wine of the same soU and vintage might be conducted, 
must be many times greater at any given moment of time, and 
yet no one ever imagines that such a circumstance can affect the 
quality of the wine. 

According to the meteorological maxims of the ancients, the 
fate of the vintage was even more powerfully affected by the 
influence of a particular star, and moreover one scarcely so 
bright as to be classed among those of the first magnitude, than 
by that of the moon. This stellar enemy of the grape was the 
star called Procyon, in the constellation of the little dog. Pliny 
records the opinion prevailing in his time that Procyon decided 
the fate of the vintage, and that its malign influence burnt the 
grape. 

Now it might fairly be demanded by what means the grape 
was protected from this malignant star in some years, though 
exposed to it in others ? Procyon, a fixed star, held and still 
holds constantly the same place in the firmament ; and whatever 
be the physical influence which it radiates to the earth, that 
influence cannot change from year to year. If it be replied that 
the number of unclouded nights at a certain season is greater or 
less in different years, we shall then fall back upon the explana- 
tion already given in the case of tl^e red moon, and show that 
Procyon is in this case a mere witness, and not a malefactor. 

As this ancient error does not, however, appear to prevail 
in our times, it will not be necessary to enlarge further on thid 
point. 

It is a maxim of Italian wine merchants, that wine ought never 
to be transferred from one vessel to another in the month of 
January or March, unless in the decline of the moon, under 
penalty of seeing it spoiled. 

Toaldo has not favoured us with any physical reason for 
this maxim ; but it is remarkable that Pliny, on the autho- 
rity of Hyginus, recommends precisely the opposite course. 
We may presume that from such contrary rules, it may 
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reasonably be inferred that the moon has no inflaence whatever 
in this case. 

Among the maxims of Pliny we find that grapes should be 
dried by night at new moon, and by day at full moon. 

When the moon is new it is below the horizon during the night, 
and above it during the day ; and when it is full it is above the 
horizon daring the night, and below it during the day. The 
maxim of Pliny, therefore, is equivalent to a condition requiring 
that th^ grapes should be dried when the moon is below the 
horizon. It is evident that the absence of the moon \b not 
required in this case in consequence of any effect which her light 
might produce if she were present ; for when the moon is new she 
affords no light, even when in the firmament, the illuminated 
side being turned from the earth. If the maxim be founded upon 
any reason, it must, therefore, either be on some influence which 
the moon is supposed to produce when present, independent 
of her light (the absence of which influence is desired), or it may 
be that she may be supposed to transmit some effect through the 
solid mass of the earth when on the other side of it which she is 
incapable of producing without its intervention. The maxim is 
probably as absurd and groundless as the other effects imputed to 
the moon. 

5. Supposed Lunar Injlu€7ice on the Complexion, — It is a prevalent 
popular notion in some parts of Europe, that the moon^s light is 
attended with the effect of darkening the complexion. 

That light has an effect upon the colour of material substances 
is a fact well known in physics and in the arts. The process of 
bleaching by exposure to the sun is an obvious example of this 
class of facts. Vegetables and flowers which grow in a situation 
excluded from the light of the sun are different in colour from 
those which have been exposed to its influence. The most 
striking instance, however, of the effect of certain rays of solar 
light in blackening a light-coloured substance, is afforded by 
chloride of silver, which is a white substance, but which imme- 
diately becomes black when acted upon by the rays near the 
violet extremity of the spectrum. This substance, however, 
highly susceptible as it is of having its colour affected by light, 
is, nevertheless, found not to be changed in any sensible degree 
when exposed to the light of the mooD, even when that light is 
condensed by the most powerful burning lenses. It would seem, 
therefore, that as fiEur as any analogy can be derived from the qua- 
lities of this substance, the popular impression of the influence of 
the moon's rays in blackening the skin receives no support. 

M. Arago (who generally inclined t^ favour rather than 
oppose prevailing popular opinions), thought it possible that 

121 



LITKAR INFLUENCES. 

some effect may be produced upon the skin exposed on clear 
nights, explicable on the same principle as that by which we have 
explained the effects erroneously imputed to what is called the 
red mooiu The skin being, in common with the leaves and 
flowers of vegetables, a good radiator of heat, will, when exposed 
on a clear night, for the same reasons, sustain a loss of tempera- 
ture. Although this will be to a certain extent restored by the 
sources of animal heat, still it may be contended that the cooling 
produced by radiation is not altogether without effect. It is 
well known that a person who sleeps exposed in the open air 
on a night when the dew falls, is liable to suffer from severe 
cold, although the atmosphere around him never falls below 
a moderate temperature; and although no actual deposition 
of dew may take place upon his skin. This effect must arise 
from the constant lowering of temperature of the skin by 
radiation. 

The Hdle du hivouack is a term familiar to all French soldiers 
who have taken much part in campaigns. H&le is a term which 
expresses a certain supposed quality of the atmosphere, by 
which it produces the effect of tanning or darkening the skin. 
It is well known to the soldier that it takes place only on un- 
clouded nights when the face is exposed to the sky. That it 
is not a mere quality of the atmosphere is proved by the 
fact that any screen which will intercept the view of the sky 
will protect the face, however much it be otherwise exposed to 
the air. 

In the south of France mothers warn their daughters against 
nocturnal promenades by the old proverb :— 

" Que lou sol y la sereine 
I Fan veni la gent monraine." 

It is remarkable that this proverb is current in places where the 
I moon is not noticed as concerned in the effect produced. 

' 6. Supposed I/u/nar Injhtence on PiUrefaction, — ^Pliny and Plutarch 

I have transmitted it as a maxim, that the light of the moon 

I facilitates the putrefaction of animal substances, and covers 

I them with moisture. The same opinion prevails in the West 

! Indies, and in South America. An impression is prevalent, also, 

that certain kinds of fish exposed to moonlight lose their flavour 
and become soft and flabby ; and that if a wounded mule be ex- 
posed to the light of the moon during the night, the wound will 
become irritated, and frequently become incurable. 

Such effects, if real, may be explained upMi the same prin- 
ciples as those by which we have already explained the effects 
imputed to the red moon. Animal substsmces exposed to a clear 
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sky at night, are liable to receive a deposition of dew, wliich 
humidity has a tendency to accelerate putrefaction. But this 
eflfect will be produced if the sky be clear, whether the moon be 
above the horizpn or not. The moon, therefore, in this case, is a 
witness and not an agent ; and we must acquit her of the misdeeds 
imputed to her. 

7. Supposed Lunar Influerice on SheVrfish, — ^Itis a very ancient 
remark, that oysters and other shell-fish become larger during 
the increase than during the decline of the moon. This maxim 
is mentioned by the poet Lucilius, by Aulus Grellius, and others : 
and the members of the academy dd Oimento appear to have 
tacitly admitted it, since they endeavour to give an explanation 
of it. The fact, however, has been carefully examined by 
Bohault, who has compared shell-fish taken at all periods of 
the lunar month^ and found that they exhibit no difference of 
quality. 

8. Supposed Lunar Infl,uenjce on the Marrow of Animals. — ^An 
opinion is prevalent among butchers that the marrow found in 
the bones of animals varies in quantity according to the phase 
of the moon in which they are slaughtered. This question has 
also been examined by Bohault, who made a series of observations 
which were continued for twenty years with a view to test it ; 
and the result was that it was proved completely destitute of 
foundation. 

9. Supposed Lunar Influence on the Weight of the Human Body. 
— Sauctorius, whose name is celebrated in physics for the 
invention of the thermometer, held it as a principle that a healthy 
man gained two poimds weight at the beginning of every lunar 
month, which he lost towards its completion. This opinion 
appears to be founded on experiments made upon himself; and 
affords another instance of a fortuitous coincidence hastily gene- 
ralised. The error would have been corrected if he had continued 
his observations a sufi&cient length of time. 

10. Supposed Lunar Influence on Births. — It is a prevalent 
opinion that births occur more frequently in the decline of the 
moon than in her increase. This opinion has been tested by 
comparing the number of births with the periods of the lunar 
phases ; but the attention directed to statistics as well in this 
country as abroad, will soon lead to the decision of this question. 
Other sexual phenomena, vulgarly supposed to have some relation 
to the lunar month, have no relation whatever to that period, 

11. Supposed Luna/r Influence on Incubation. — It is a maxim 
handed down by Pliny, that egg-s should be put to hatch when 
the moon is new. In France it is a maxim generally adopted, 
that the fowls are better and more successfully reared when 
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they break the shell at the fall of the mooD. The experimentB and 
observations of M. Girou de Buzareugues have given counte- 
uaoce to this opinion. But such observations require to be 
multiplied before the maxim can be considered as established. 
M. Oiroa inclines to the opinion that during the dark nights 
about new moon the hens sit so undisturbed that they either kill 
their yoimg or check their development by too much heat ; 
while in moonlight nights, being more restless, this effect is not 
produced. 

12. Supposed Lunar Influence on Mental Derangement and 
other Human Maladies. — ^The influence on the phenomena of 
human maladies imputed to the moon is very ancient Hippo- 
crates had so strong a faith in the influence of celestial objects 
upon animated beings, that he expressly recommends no physician 
to be trusted who is ignorant of astronomy. Galen, following 
Hippocrates, . maintained the same opinion, especially of the 
influence of the moon. Hence in diseases the lunar periods 
were said to correspond with the succession of the sufferings of 
the patients. The critical days or crises (as they were afterwards 
called), were the seventh, fourteenth, and twenty-first of the 
disease, corresponding to the intervals between the moon*8 
principal phases. While the doctrine of alchymists prevailed, 
the human body was considered as a microcosm ; the heart, 
representing U^e vital principle, was placed under the influence 
of the sun ; the brain was regulated and controlled by the moon. 
The planets had each its proper influence ; Jupiter presided 
over the lungs, Mars over the liver, Saturn over the spleen, 
Venus over the kidneys, and Mercury over the organs of gene- 
ration. Of these grotesque notions there is now no relic, except 
the term lunacy, which still designates unsoundness of mind. 
But even this term may in some degree be said to be banished 
from the terminology of medicine, and it has taken refuge in that 
receptacle of all antiquated absurdities of phraseology — ^the law. 
Lunatic, we believe, is still the term for the subject who is 
incapable of managing his own affairs. 

Although the ancient faith in the connexion between the 
phases of the moon and the phenomena of insanity appears in 
a great degree to be abandoned, yet it is not altogether without 
its votaries ; nor have we been able to ascertain that any series 
of observations conducted on scientific principles, has ever been 
made on the phenomena of insanity, with a view to disprove this 
connexion. We have even met with intelligent and well- 
educated physicians who still maintain that the paroxysms of 
insane patients are more violent when the moon is full than at 
other times. 
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Mathiolus Faber ^ves an instance of a maniac who at the very 
moment of an eclipse of the moon, became forions, seized upon a 
sword, and fell upon every one around him. Smce it was observed 
that as the day of the eclipse approached, the patient became 
more and more sombre and melancholy, it may ho inferred that 
in this case imagination, excited by the apprehension of the 
approaching phenomenon, had more to do with the paroxysm 
than the moon. 

Bamazzini relates that, in the epidemic fever which spread 
over Italy in the year 1693, patients died in an unusual number 
on the 2lBt of January, at the moment of a lunar eclipse. 
Without disputing this fact (to ascertain which, however, it 
would be'necessary to have statistical returns of the daily deaths), 
it may be objected that the patients who thus died in such 
numbers at the moment of the eclipse, might have had their 
imaginations highly excited, and their fears wrought upon by 
the approach of that event, if popular opinion invested it with 
danger. That such an impression was not unlikely to prevail is 
evident from the facts which have been recorded. 

At no very distant period from that time, in August, 1654, 
it is related that patients in considerable numbers were by order 
of the physicians shut up in chambers well closed, warmed, and 
perfumed, with a view to escape the injurious influence of the 
solar eclipse, which happened at that time ; and such was the 
consternation of persons of all classes, that the numbers who 
flocked to confession were so great, that the ecclesiastics found it 
impossible to administer that rite. An amusing anecdote is 
related of a village curate near Paris, who, with a view to ease 
the minds of his flock, and to gain the necessary time to get 
through his business, seriously assured them that the eclipse was 
postponed for a fortnight. 

Two of the most remarkable examples recorded of the supposed 
influence of the moon on the human body, are those of Vallis- 
nieri and Bacon. Yallisnieri declares that being at Padua 
recovering from a tedious illness, he suffered on the 12th of May, 
1706, during the eclipse of the sun, unusual weakness and 
shivering. Lunar eclipses never happened without making 
Bacon faint ; and he did not recover his senses till the moon 
recovered her light. 

That these two striking examples should be admitted in proof 
of the existence of lunar influence, it would be necessary, says 
M. Arago, to establish the fact that feebleness and pusil- 
lanimity of character are never connected with high qualities 
of mind. 

Menuret considers that cutaneous maladies have a manifest 
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coimexion with the lunar phases. He says that he himself 
observed in the year 1760, a patient afflicted with a scald head 
(teigne), who, daring the decline of the moon, suffered from a 
gradual increase of the malady, which continued until the epoch 
of the new moon, when it had covered the face and breast, and 
produced insufferable itching. As the moon increased, these 
symptoms disappeared by degrees ; the £Eice became free from 
the eruption ; but the same effects were reproduced after the 
full of the moon. These periods of the disease continued for 
three months. 

Menuret also stated that he witnessed a similar correspondence 
between the lunar phases and the distemper of the itch ; but the 
circumstances were the reverse of those in the former case ; the 
malady attaining its maximum at the full of the moon, and its 
TniniTtnim at the new moon. 

Without disputing the accuracy of these statements, or throwing 
any suspicion on the good faith of the physician who has made 
them, we may observe that such fiftcts prove nothing except the 
fortuitous coincidence. If the relation of cause and effect had 
existed between the lunar phases and the phenomena of these 
distempers, the same cause would have continued to produce the 
same effect in like circumstances ; and we should not be left to 
depend for the proof of lunar influence on the statements of 
isolated cases, occurring under the observation of a physician 
who was himself a believer. 

Maurice Hoflman relates a case which came under his own 
practice, of a young woman, the daughter of an epileptic patient. 
The abdomen of this girl became inflated every month as the 
moon increased, and regularly resumed its natural form with the 
decline of the moon. 

Now, if this statement of Hoffman were accompanied by all 
the necessary details, and if, also, we were assured that this 
strange effect continued to be produced for any considerable 
length of time, the relation of cause and effect between the 
phases of the moon and the malady of the girl could not legiti- 
mately be denied ; but receiving the statement in so vague a 
form, and not being assured that the effect continued to be 
produced beyond a few months, the legitimate conclusion at 
which we must arrive is, that this is another example of for- 
tuitous coincidence, and may be classed with the fulfilment of 
dreams, prodigies, &c., &c. 

As may naturally be expected, nervous diseases are those 

which have presented the most frequent indications of a relation 

with the lunar phases. The celebrated Mead was a strong 

believer, not only in the lunar influence, but in the influence of 
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all tlie heavenly bodies on all the human. He cites the case of a 
child whp always went into convulsions at the moment of full 
moon. Fyson, another believer, cites another case of a paralytic 
patient whose disease was brought on by the new moon. 
Menuret records the case of an epileptic patient whose fits 
returned with the full moon. The transactions of learned 
societies abound with examples of giddiness, malignant fever, 
somnambulism, &c., having in their paroxysms more or less 
corresponded with the lunar phases. Crall states, as a matter 
having fallen under his own observation, that patients suffering 
under weakness of intellect, had two periods in the month of 
peculiar excitement ; and in a work published in London so 
recently as 1829, we are assured that these epochs are between 
tke new and full moon. 

13. Against all these instances of the supposed effect of lunar 
influence, we have little direct proof to offer. To establish a 
negative is not easy. Yet it were to be wished that in some of 
our great asylums for insane patients, a register should be pre- 
served of the exact times of the access of all the remarkable 
paroxysms ; a subsequent comparison of this with the age of the 
moon at the time of their occurrence would furnish the ground 
for legitimate and safe conclusions. We are not aware of any 
scientific physician who has expressly directed his attention to 
this subject, except Dr. Olbers of Bremen, celebrated for his 
discovery of the planets Pallas and Vesta. He states that in 
the course of a long medical practice, he was never able to 
discover the slightest trace of any connexion between the phe- 
nomena of disease and the phases of the moon. In the spirit of 
true philosophy, M. Arago, nevertheless, recommends caution in 
deciding against this influence. The nervous system, says he, is 
in many instances an instrument infinitely more delicate than 
the most subtle apparatus of modem physics. Who does not 
know that the olfactory nerves inform us of the presence ot 
odoriferous matter in air, the traces of which the most refined 
physical analysis would fail to detect 1 The mechanism of the 
eye is highly affected by that lunar light which, even condensed 
with all the power of the largest burning lenses, fails to affect by 
its heat the most susceptible thermometers, or, by its chemical 
influence, the chloride of silver ; yet a small portion of this light 
introduced through a pin-hole will be sufficient to produce an 
instantaneous contraction of the pupil ; nevertheless the integu- 
ments of this membrane, so sensible to light, appear to be com- 
pletely inert when otherwise affected. The pupil remains 
unmoved, whether we scrape it with the point of a needle, 
moisten it with liquid acids, or impart to its surface electric 
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fiparlu. The retina itself, irhich sympatliises with the pupil, is 
insensible to the influence of the most active mechanical agents. 
Phenomena so mysterious should teach us with what reserve we 
should reason on analogies drawn from experiments made upon 
iuanimate substances, to the far different and more difficult case 
of organised matter endowed with life. 

14. In conclusion, then, it appears that of all the various 
influences popularly supposed to be exerted on the surface of the 
earth, few have any foundation in fact. 
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CHAPTER I. 

1. Eetrospect of the solar system. — 2. Inquiries beyond its limits. — 
8. This system surrounded by an extensive void.— 4. This proved by 
the absence of external perturbations. — 5. And by comets, which are 
feelers of the system. — 6. Where then is the vast multitude of 
stars which appear in the firmament ? — 7. Absence of apparent 
parallax. — 8. lUnstration of the effects of parallax. — 9. Its apparent 
absence favoured the Ptolemaic system. — 10. Effects of parallax 
explained. — 11. Parallax of the planets visible. 

!• In former parts of this series, we have taken a survey of the 
group of globes which, in company with the earth, reyolre round 
tiie sun ; have reviewed their motions, compared their magnitudes 
and distances, and explained the numerous analogies having the 
force of a moral demonstration which prove that they are inhabited 
worlds, playing in the economy of the universe parts in all respects 
similar to that of the earth. Passing successively from planet to 
planet, we have been oppressed by the stupendous dimensions pre* 
sented to our contemplation. We have seen Jupiter — a globe 
fourteen hundred times the bulk of the earth — ^revolving at a dis- 
tance of five hundred millions of miles from the sun, attended by 
his four moons: — ^the Satumian system, with its globe, a thousand 
times more voluminous than that of the earth, its vast rings whirl- 
ing round it, concentrically with each other and with the planet, 
and shining upon either hemisphere, having the appearance of a 
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broad sUyer zone, and its seven moons. We have seen tliis compler 
system, swee][»ng ronnd the sxin in a vast orbit, at a distance of a 
llionsand millions of miles, yet preserving such order in its move- 
ments that no one member of it overtakes or is overtaken by 
another, — ^the planet having a year thirty times the length of oturs, 
diversified by similar seasons, having variations of temperature 
wijihin limits eqnal to those of the earth, but varied by seven 
different kinds of months. Passing to stOl more remote distances,, 
we enoonntered Uranns, attended by moons, the number of which 
has not been ascertained, and probably furnished with other 
illuminating apparatus, the discovery of which is reserved for 
future observers. Eevolving at eighteen hundred and twenty 
millions oiT miles firom the sun, we have shown that this planet 
has a year eighty-four times the length of ours, diversified no 
doubt by similar seasons, and that, by reason of its enormous 
distance, the sun appears to its inhabitants as a disc whose diameter 
is nineteen times less than that which it presents to us. 

In fine, having arrived at the extreme limits of the system, 
we found the planet Neptune, revolving at the distance of two 
thousand eight hundred and fifty millions of miles firom the sun, 
having a year a hundred and sixty-four times longer than ours. 
Thus, the seasons of this planet have each forty-one years'' dura- 
tion. By reason of its distance, the apparent diameter of the 
sun, as seen by its inhabitants, is thirty times less than that which 
it presents to us ; so that the sun appears to them with the same 
magnitude as that which the planet Venus presents to us when 
seen under the most favourable aspect. 

Thus it appears that the solar system, of which our earth is an 
individual member, is included within a circle something less than 
six thousand millions of miles in diameter ; and the space within 
this eirde has been surveyed with the most marvellous precision 
by astronomieal observers. 

2. This region, however, vast as it is, forms but a small portion 
of that part of ihe material universe to which scientific inquiry 
and research have been extended. The inquisitive spirit of man 
has not rested content within such limits. Taking its stand at 
the extremities of the system, and throwing its searching glance 
towards the interminable realms of space which extend beyond 
them, it still asks — ^What lies there ? Has the Infinite circum- 
scribed the exercise of his creative power within these precincts — 
and has He left the unfathomable depths of space that stretch 
beyond them a wide solitude? Has He whose dwelling is 
immensity, and whose presence is everywhere and eternal, 
remained inactive throughout regions compared with which the 
solar system shrinks into & point P 
170 



SPACB BOUM) THE SOLAR SYSTEM. 

Even thongh soiantifio research should have left us without 
definite information on these questions^ the light which has heen 
shed on the Diyine character, as well hy reason as hy reyelationy 
would haye filled ns wilh the assurance that there is no part of 
space, howeyer remote, which must not teem with eyidenoes of 
exalted power, inexhaustihle wisdom, and untiring goodness. 

But science has not so deserted us. It has, on the contrary, 
supplied us with much interesting information respecting regions 
of the uniyerse, the extent of which is so great that eyen the 
whole dimensions of the solar system supply no modulus suffici- 
ently great to enahle us to express their magnitude. 

It will not then he - unprofitahle or unpleasing on the present 
oc€)asion to extend our inquiries into those reahns of space, which 
stretch heyond the limits of our system, and to inquire into the 
condition of the physical creation there. 

3. We are famished with a yariety of eyidence, estahlishing) 
incontestably the fieust, that around the solar system, to a yast 
distance on eyery side, there exists an unoccupied space ; that the> 
solar system stands alone in the midst of a yast solitude. It has- 
been shown that the mutual grayitation of hodles placed in the^ 
neighhourhood of each other is hetrayed by its effects upon their 
motions. If, therefore, there exist beyond the limits of the: 
solar system, and within a distance not so great as to render the 
attraction of grayitation imperceptlMe, any mass of matter,^ 
such as another sun like our own, such a mass would un- 
doubtedly exercise a disturbing force upon the yaiious bodies* 
of the system. It would cause each of them to moye in a> 
manner different from that in which it would haye moyed if no^ 
such body existed. 

4. Thus it appears that, eyen though a mass of matter in our 
neighbourhood should escape direct obseryation, its presence 
would be ineyitably betrayed by the effects which its grayitation. 
would produce upon the planets. ISo such effects, howeyer, are- 
discbyerable. The planets moye as they would moye if the solar 
system were independent of any external disturbing attraction.: 
These motions are such, and such only, as can be accounted for by 
the attraction of the sun and the reciprocral attraction of the other 
bodies of the system. The inference from this is, that there does^ 
not exist any mass of matter in the neighbourhood of the solar 
system within any distance which permits such a mafis to exercise? 
upon it any discoyerable disturbing infi.uence ; and that if any 
body analogous to our sun exists in the uniyerse, it must be placed 
at a distance so great, that the whole magnitude of our systenv 
will shrink into a point, compared with it. 

6. But we haye other indications of this condition of things.. 
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The solar system is sapplied with feelers, which it is enabled to 
throw out into the regions surrounding it to vast distances, and these 
are endowed with the highest conceivable sosceptibiliiy, which 
would cause them to betray to us the presence in tiiese regions 
even of masses of matter of very limited dimensions. These 
feelers are thecoicsrs, and in particular one called Bailey's oomet. 
This body emerges periodically, and makes an excursion into the 
surrounding regions to a distance of little less than one thousand 
millions of miles beyond the limits of our system, and returns at 
regular interrals to the sun. It is a body of extreme levity 
and tenuity compared even with tlie smallest planetary masses ; 
it is, therefore, eminently susceptible of the effects of gravitation 
proceeding from a body external to it. 

We shall show, on another occasion, that when this body, once 
in seventy-five years, departs from our system to make its vast 
excursion through distant regions of space, the eye of science 
pursues it along its path, watdies its movements, and follows its 
course. That course is calculated upon the supposition that it is 
subject to no attraction through the entire range of its orbit 
except those of the sun and planets, and the calculations of its 
return are thus made. The time and the place of each of its 
successive returns have been foretold; and we have found that 
they have corresponded faithfully with such predictions. It is 
certain, then, that m its range through space this body has not 
passed in the neighbourhood of any mass of matter capable of 
exercising an observable attraction upon it. In &ct, it moves 
exactly as it would move if no material object existed in the 
ereation save those of the solar system itself. It follows, therefore, 
that all other objects must be too distant from our system to pro- 
duce any discoverable attraction even on so light a body as this. 

6. Yet when, on any clear night, we contemplate the finna- 
ment, and behold the countless multitude of objects that sparkle 
upon it, remembering what a comparatively small number are 
comprised among those of the solar system, and even of these 
how few are visible at any one time, we are naturally impelled 
to the inquiry. Where in the universe are these vast numbers of 
objects placed P 

Yery little reflection and reasoning, applied to the consideration 
of our own position and to the appearance of the heavens, will 
convince us that the objects that chiefly appear on the firmament 
must be at almost immeasurable distances. The earth in its 
annual course round the sun moves in a circle, the diameter of 
which is about two himdred millions of miles. We, who observe 
the heavens, are transported upon it round that vast circle. The 
station from which we observe the universe at one period of .the 
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year is, then, two hundred xnilHons of miles from the station 
from which we view it at anoliier. 

7. Now it is a fact, within the familiar experience of every one, 
that the relative position of ohjeots will depend upon the point 
from which they are viewed. If we stand upon the bank of a 
river, along the margin of which a multitude of ships are sta> 
tioned, and view the masts of the vessels, they will have among 
each other a certain relative arrangement. If we change our 
position, however, through the space of a few hundred yards, the 
relative position of these masts will not be the same as before. 
Two which before lay in line will now be seen separate ; and two 
which before were separated are now brought into line. Two, 
one of which was to the right of the other, are now reversed ; 
that which was to the right, is at the left, and vice versd : nor 
are these changes produced by any change of position of the 
ships themselves, for they are moored in stationary positions. The 
changes of appearance are the result of our own change of poet" 
tUn; and the greater that change of position is, the greater will 
be the relative change of these appearances. Let us suppose, 
however, that we are moved to a much greater distance from the 
shipping; any change in our position will produce much less 
effect upon the relative position of the masts; perhaps it will 
require a very considerable change to produce a perceivable effect 
upon them. In fine, in proportion as our distance from the masts 
is increased, so in proportion will it require a greater change in 
our own position to produce the same apparent change in their 
position. 

8. Thus it is with all visible objects. When a multitude of 
stationary objects are viewed from a distance, their relative posi- 
tion will depend upon the position of the observer ; and if the 
station of the observer be changed, a change in the relative 
position of the objects must be expected ; and if no perceptible 
ehange is produced, it must be inlferred that the distance of 
the objects is incomparably greater than the change of position 
of the observer. 

Let us now apply these reflections to the case of the earth and 
the stars. The stars are analogous to the masts of the ships, and 
the earth is the station on which the observer is placed. It might 
have been expected that the magnitude of the globe, being eight 
thousand miles in diameter, would produce a change of position 
of the observer sufficient to cause a change in the relative position 
of the stars, but we find that such is not the case. The stars, 
viewed from opposite sides of the globe, present exactly the 
same appearance ; we must, therefore^ infer that the diameter of 
the earth is absolutely nothing compared to their distance. 
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Bat the astxonomer has still a much larger modaliu to &11 
hack upon« He refleets, as has heen already observed, that he is 
enabled to yiew the stars firom two stations separated from .each 
other, not by eight thousand miles, the diameter of the earth, but 
by two hundred millions of miles, that of the earth's orbit. He, 
therefore, views the heavens on the 1st of January, and views 
them again on the 1st of July, the earth having in the meanwhile 
passed to the opposite side of its orbit, yet he finds, to his amaze- 
ment, that the aspect is the same. He thinks that this cannot be 
—that so great a change of position in himself cannot fail to make 
some change in the apparent position of the stars ; — ^that, although 
their general aspect is the same, yet when submitted to exact 
examination a diange must assuredly be detected. He accord^ 
ingly resorts to the use of instruments of observation capable of 
measuring the relative positions of the stars with the last con- 
'Oeivable precision, and he is more than ever confounded by the 
fact that still no discoverable change of position is found. 

9. For a long period of time this result seemed inexplicable, 
and accordingly it formed the greatest difficulty with astronomerB, 
in admitting the annual motion of the earth. The alternative 
offered was this ; it was necessary, either to fall back upon the 
Ptolemaic system, in which the earth was stationaiy, or to sup- 
pose that the immense change of position of the earth in the couise 
of half a year, could produce no discoverable change of appear- 
ance in the stars ; a fact which involves the inference, that the 
diameter of the earth's orbit must be a mere point compared with 
the distance of the nearest stars. Such an idea appeared so inad- 
missible that for a long period of time many preferred to embrace 
the Ptolemaic hypothesis, beset as it was with difficulties and 
•contradictions. 

Improved means of instrumental observation and microme- 
trical measurement, united with the zeal and skill of observers, 
have at length surmounted these difficulties ; and the paraUaxy 
small indeed but stUl capable of measurement, of several stars 
has been ascertained. 

10. To render these results, and the processes by which they have 
been attained, intelligible, we shall here explain the general 
effects of annual parallax. 

Since the earth moves annually round the sun, as a stationaiy 
centre in a circle whose diameter must have the vast magnitude 
of two hundred millions of miles, all observers placed upon the 
^axth, seeing distant objects from points of view so extremely 
distant one from the other as are opposite extremities of the same 
diameter of such a circle, must necessarily, as might be supposedi 
see these objects in very different directions. 
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Fig. 1. 



To Gomprehend the effisct which might he expected to he pro- 
duced upon the apparent place of a distant ohject hj such a motion, 
let £ x' S^ e"', fig* 1, represent the earth's annual course round 
the sun as seen in perspective, and let 
o be any distant ohject visihle from 
the earth. The extremity E of the line 
s o, which is the yisnal direction of the 
object, being carried with the earth 
round the circle e e' £^ e% will annually 
descrihe a cone of which the base is the 
path, of the earth, and the vertex is the 
plaoc of the object o. ' While the earth 
moves ronnd the circle e b", the line of 
visual direction would therefore have a 
corresponding motion, and the apparent 
place of the object would be successively 
changed with the change of direction of 
this line. If the object be imagined to 
be projected by the eye upon the firma- 
ment, it would trace upon it a path o 
o' o" o"*^ which would be circular or 
elliptical, according to the direction of 

the object. When the earth is at £, the 

object would be seen at o; and when 

the earth is at E^.it would be seen at ^. 

The extent of this apparent displacement 

of the object would be measured by the/ 

angle e o e^, which the diameter e e" 

of the earth's path or orhit would sub- 
tend at the object o. 
It has been stated that, in general, 

the apparent displacement of a distant 

visible object produced by any change 

in the station from which it is viewed 

is called paejlllax. That which is pro- 
duced by the change of position due to 

the diurnal motion of the earth being 

called DiUBKAL pa halt, ay, the corresponding displacement. 

due to the annual motion of the earth is called the ANinjAL 

PABAXLAX. 

The greatest amount, therefore, of the annual parallax for any 
proposed object is the angle which the semidiameter of the earth's 
orbit subtends at such object, as the greatest amount of the diurnal 
parallax is the angle which the semidiameter of the earth itself 
subtends at the objeeL 

17f 




THE STELLAR UNIVERSE. 

' Now, BA ihe most satisfactory evidence of the annual motion of 
•the earth uroulcL • be the discovery of this displacement, and 
«acce8siye changes of apparent poadtipn of all objects on the firma- 
ment consequent on such motion, the absence of < any such 
phenomenon must be admitted to constitute, primd facte^ a 
formidable aigoment against the earth's motion. 

11. The effects of aunual parallax are observable, and indeed 
are of considerable amount, in the case of aU the bodies com- 
posing the solar system. The apparent annual motion of the sun 
is altogether due to parallax. The apparent motions of the 
planets and other bodies composing the solar system are the effects 
of parallax, combined with the real motions of these various bodies. 

Until the annual motion of the earth was admitted, these effects 
of annual parallax on the apparent motions of the solar system were 
ascribed to a very complicated system of real motions of these 
bodies, of which the earth was assumed to be the stationary centre, 
the Sim revolving round it, while at the same time the planets 
severally revolved round the sun as a moveable centre. This 
hypothesis, proposed originally by ApoUonius of Perga, a Grrecian 
astronomer, some centuries before the birth of Christ, received 
the name of the Ptolemaic Ststem, having been developed and 
explained by Ptolemy, an Egyptian astronomer who flourished 
in the second century, and whose work, entitled ^^Syntaxis," 
obtained great celebrity, and for many centuries continued to be 
received as the standard of astronomical science. 

Although Pythagoras had thrown out the idea that the annual 
motion of the sun was merely apparent, and that it arose 
from a real motion of the earth, the natural repugnancy of the 
human mind to admit a supposition so contrary to received 
notions prevented this happy anticipation of future and remote 
discovery jfrom receiving the attention it merited ; and Aristotie, 
less sagacious than Pythagoras, lent the great weight of his 
authority to the contrary hypothesis, which was accordingly 
adopted universally by the learned world, and continued to pre- 
vail, until it was overturned in the middle of the sixteenth 
century by the celebrated Copernicus, who revived the Pytha- 
gorean hypothesis of the stability of the sun and the motion of 
the earth. 

The hypothesis proposed by him in a work entitled '< De Re- 
volutionibus Orbium Coelestium,'' published in 1543, at the 
moment of his death, is that sinc^ known as the CoPEfixiCAy 
Ststem, and, being now established upon evidence sufficiently 
demonstrative to divest it of its hypothetical character, is ad- 
mitted as the exposition of the actual movements by whioh that 
part of the universe ?alled the solar systemis affected. 
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CHAPTER II. 

12. Absence of parallax obstructed the acceptance of the Copemican system. — 

13. Immense distance of stars inferred from its minuteness or absence. — 

14. Its greatest possible magnitude. — 15. Distances of stars inferred. 
— 16. Use of the motion of light as a modulus of this distance. — 17. 
Methods of ascertaining the parallax. — 18. !]parallax of a Centauri. — 
19. Parallax of nine principal stars. — 20. The vacuum surrounding 
the solar system necessary to cosmical order. — 21. Classification of 
stars by magnitude arbitrary. — 22. Fractional magnitudes. — 23. 
Number of stars of each magnitude. — 24. Total number of stars 
in the firmament. — 25. Varieties of magnitude chiefly caused by 
difference of distance. — 26. Stars as distant from each other as from 
the 8un.-i-27. Telescopes do not magnify them. — 28. Absence of a 
disc proved by their occnltations. — 29. Meaning of the term magni- 
tude as applied to the stars. — 30. Why the stars may be rendered 
imperceptible by their distance. — 31. Real magnitudes of the stars. 
— 32. Application of photometers or astrometers. — 33. Comparison 
of the sun's light with that of a star. — 34. Relative real magnitudes 
of the sun and a star estimated. — 35. Comparative magnitude of the sun 
and the dog-star. — 36. Vast use of the telescope in stellar observations. 
— 87. Its power to increase the apparent splendour of a star explained. 

12. The greatest difficulty against which the Copernioan system 
has had to struggle, even among the most enlightened of its oppo-; 
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nents, has been the abBSnce of all apparent effects of parallax 
among the fixed stars, those objects which are scattered in such 
oonntifess nnmbers over every part of the firmament. From what 
has been explained, it will be perceived that, supposing these 
bodies to be, as they evidently most be, placed at vast distances 
outside the limits of the solar system, and in every imaginable 
direction around it, the effects of annual parallax would be to 
give to each of them an apparent annual motion in a circle or 
ellipse, according to their direction in relation to the position of 
the earth in its orbit, the ellipse varying in its eccentricity with 
this position, and the diameter of the circle or major axis of the 
ellipse being determined by the angle which the diameter ee" 
(fig. 1) of the earth's orbit subtends at the star, which will be less 
the greater the distance of the star, and vice versd. The apparent 
position of .the star in this circle or ellipse would be evidently 
always in the plane passing through the star and the line joining 
the sun and earth. 

13.: Since then, with a few exceptions, which will be noticed 
hereafter, no traces of the effects of annual parallax have been 
discovered among the innumerable fixed stars by which the 
solar system is surrounded ; and since, nevertheless, the annual 
motion of the earth in its orbit rests upon a body of evidence, and 
is supported by arguments which must be regarded as conclusive, 
the absence of parallax can only be ascribed to the fact, that the 
stars generally are placed at distances from the solar system, 
compared with which the orbit of the earth shrinks into a point ; 
and, therefore, that the motion of an observer round this orbit, 
vast as it may seem compared with all our familiar standards of 
magnitude, produces no more apparent displacement of a fixed 
star, than the motion of an animalcule round a grain of mustard- 
seed would produce upon the apparent direction of the moon or sun. 

The visujd ray by which a star is seen, and which is its appa- 
rent direction, is carried by the annual motion of the earth round 
the surface of a cone, of which the earth's orbit is the base, and 
of which the star is the apex. The line drawn from the centre of 
the earth's orbit to the star, is the axis of this cone ; and, conse- 
quentiy, the parallax of the star is the angle under the latter line, 
and the visual ray by .the motion of which the surface of the cone 
is formed. 

The same optical effect would be produced by transferring the 
orbital motion of the earth to the star, the observer being 
supposed to be stationary, and placed at the centre of the 
earth's orbit ; and this supposition will render all the parallactic 
phenomena much more easUy comprehended. Let the star, then, 
be imagined to move in a circle equal and parallel to the 
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earth's orbit, the centre of the circle being the true place of the 
star. The place of the star in this circle of parallax must always 
be diametrically opposite to the corresponding place of. the earth 
in its orbit. The star so moving would suffer exactly the same 
apparent displacement as it would appear to suffer if it were, as 
it is, at rest in its true place, the earth moying in its proper orbit 
round the sun. 

14. It might be supposed, that where the character and laws of 
the phenomena are so clearly understood, the discovery of their 
existence could present no great difficulty. Nevertheless, nothing 
in the whole range of astronomical research has more baffled the 
efforts of observers than this question of the parallax. This has 
arisen altogether from the extreme minuteness of its magnitude. 
It is quite certain that the parallax does not amount to so much as 
1* in the case of any of the numerous stars which have been as 
yet submitted to the course of observation which is necessary to 
discover the parallax. Now, since in the determination of the 
exact uranographioal position of a star there are a multitude of 
disturbing effects to be taken into account and eliminated, such as 
precession, nutation, aberration, refraction, and others, besides the 
proper motion of the star, which will be explained hereafter ; and 
since, besides the errors of observation, the quantitieei of these are 
subject to more or less uncertainty, it will astonish no one to be 
told that they may entail, upon the final result of the calculation, 
an error of V ; and, if they do, it is vain to expect to discover 
such a residual phenomenon as parallax, the entire amount of which 
is less than 1". 

15. If in any case the parallax could be determined, the distance 
o^ the stars could be immediately inferred. For, if this value 
of the parallax be expressed in seconds, or in decimals of a second, 
and if b denote the semidiameter of the earth's orbit, B the 
distance of the star, and p the parallax, we shall have 

206265 

D = B X • 

P 

If, therefore, p = T, the distance of the star would be 206265 
times the distance of the sun, and since it may be considered 
satisfiEictorily proved, that no star which has ever yet been 
brought under observation has a parallax greater than this, it may 
be affirmed that the nearest star in the universe to the solar system 
is at a distance, at least, 206265 times greater than that of the sun. 
Let us consider more attentively the import of this conclusion. 
The distance of the sun, expressed in round numbers (which are 
sufficient for our present purpose), is 95 millions of miles. If 
this be multiplied by 206265, we shall obtain,— not indeed the 
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distance of thd nearest of the fixed stars, — ^but the minor limit of 
that distance, that is to say, a distance within which the star 
cannot lie. This limit, expressed in miles, is 

D = 206265 X 95,000000 = 19,595175,000000 miles, 

or nearly twenty biUions of mile's, 

16. In the contemplation of such nnmbers the imagination 
is lost, and no other clear conception remains, except of the 
mere arithmetical expression of the result of the computation. 
Astronomers themselvei^, accustomed as they are to deal with 
stupendous numbers, are compelled to seek for tmits of pro- 
portionate magnitude to bring the arithmetical expression of the 
quantities witiin moderate limits. The motion of light supplies 
one of the most convenient moduli for this purpose, and has, 
by common consent, been adopted as the unit in all compu- 
tations whose object is to gauge the universe. It is known 
that light moves at the rate of 192000 miles per second. If, then, 
the distance D above computed be divided by 192000, the quotient 
will be the time, expressed in seconds, which light takes to move 
over that distance. But since even this will be an unwieldy num- 
ber, it may be reduced to minutes, hours, days, or even to years. 

In this manner we find that, if any star have a parallax of 1*, 
it must be at such a distance from our system, that light would 
take 3*234 years, or three years and eighty-five days, to come 
from it to the earth. 

If the space through Which light moves in a year be taken, 
therefore, as the unit of stellar distance, and p be the parallax ex- 
pressed in seconds, or decimals of a second, we shall have 

3-234 

D = • 



17, It will easily be imagined that astronomers have dili- 
gently directed their ^observations to the discovery of some 
change of apparent position, however small, produced upon the 
stars by the earth's motion. As the stars most likely to be 
afiected by the motion of the earth are those which are nearest 
to the system, and therefore probably those which are brightest 
and largest, it has been to such chiefly that this kind of obser- 
vation has been directed ; and since it was certain that, if any 
observable effect be produced by the earth's motion at aU, it must 
be extremely small, the nicest and most delicate means of observa- 
tion were those alone from which the discovery could be expected. 

One of the earlier expedients adopted for the solution of this 
piroblem, was the erection of a telescope, of great length and 
power, in a position permanently fixed, attached, for example, to 
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ihh side of a pier of solid masonry, erected upon a feondation of 
rock. This instrument was screwed into such a position that 
particular stars, as they crossed the meridian, would necessarily 
pass witiiin its £eld of yiew. Micrometric wires were, in the usual 
nuuiner, placed in its eye-piece, so that the exact point at which 
the stars passed the meridian each night, could be observed and 
recorded with the greatest precision. The instrument being thus 
^ed and immovable, the transits of the stars were noted each 
nighty and the exact places where they passed the meridian 
recorded. This kind of observation was carried on through the 
year ; and if the earth's change of position, by reason of its annual 
motion, should produce any effect upon tiie apparent position of 
the stars, it was anticipated that such effect would be discovered 
by these means. After, however, making aU allowance fpr the usual 
causes which affect the apparent position of the stars, no change of 
position was discovered which could be assigned to the earth's motion • 

18. Notwithstanding the numerous difficulties which beset the 
solution of this proUem, by means of observations made with the 
ordinary instruments. Professor Henderson, during his residence^ 
as astronomer at the Royal Observatory, at the Cape of Good 
Hope, succeeded in making a series of observatiojis upon the star 
designated a in the constellation of the Centaur, which, being 
afterwards submitted by him to the proper reductions, gave a 
parallax of 1''. Subsequent o'bservations made by his successor, 
Mr. Madeaf, at the same observatory, partly with the same in- 
strument, and partly with an improved and more efficient one of 
the same class, have fully confirmed this result, giving 0*9128, or 
^hs of a second as the parallax. 

It is worthy of remark, that this conclusion of Messrs. Hender- 
son and Maclear is confirmed in a remarkable manner by the fact, 
that like observations and computations j appKed to . other stars in 
the vicinity of a Centauri, and therefore subject to like annual 
causes of apparent displacement, such as the mean annual variation of 
temperature, gave no similar result, showing thus that the displace- 
mentfoundinthecaseof aCentauri could only be ascribed to parallax. 

Since the limits of error of this species of observation affecting 
the final result cannot exceed the tenth of a second, it may then 
be assumed as proved, that the parallax of a Centauri is 1", and, 
consequently, that its distance from the solar system is such that 
light must take 3*234 years to move over it. 

19. Notwithstanding the great multitude of stars to which in- 
struments of observation of unlooked-for perfection, in the hands 
of the most able and zealous observers, have been directed, the re- 
sults! of all such labours have, hitherto been rather negative than 
positive. The means of observation have been so perfect, and their 

181 



THE STELLAR UNIVERSE. 



applioation so extensiye, that it may be considered as proved by 
the absenoe of all measnreable displaoement consequent upon the 
orbital motion of the earth, that, a very few individual stars 
excepted, the vast multitude of bodies which compose the uni- 
verse, and which are nightly seen glittering in the firmament, 
are at distances from the solar system greater than that which 
would produce an apparent displacement amounting to the tenth of 
a second. This limit of distance is therefore, ten parallactic imits, 
or about two million times the space between the earth and sun. 

Within this limit, or very little beyond it, nine stars have been 
found to be placed, the nearest of which is that already mentioned^ 
of which Professor Henderson discovered the parallax. Those of 
the others are due to the observations of Messrs. Bessel, Strove, 
and Peters. In the following table the parallaxes of these stars 
are given, with their corresponding distances, expressed in paral- 
lactic units, and also in the larger unit presented by the distance 
through which light moves in a year. 

The parallax of the first seven of these stars may be considered 
as having been ascertained with tolerable certainty and precision. 
The very small amount of that of the last two is such as to render 
it more doubtful. What is certain, however, in relation to these 
is, that the actual amount of their parallax is less than the tenUi 
of a second. 

TABLE. 
Nine starSj with their ascertained parallax and corresponding distances. 



Star. 




Distance. 


Observer. 


8un'8di8t.=l. 


Annual motion 
of Ught=l. 


a Centauri 


0-913" 


225920 


3-54217 


Henderson. 


6i Cygni 


0-348 


591715 


9-29310 


Bessel. 


a Lyrse 


0-261 


790287 


12-39080 


Straye. 


Sirius 


0-230 


896804 


14-06087 


Henderson. 


1830 Groombridge 


0*226 


912677 


14-30973 


Peters. 


I Urs8B 


0-133 


1550864 


*4*3i579 


Peters. 


ArcturuB ... ... 


0-127 


1 6241 34 


25-46456 


Peters. 


Polaris 


0-067 


3078582 


48-26866 


Peters. 


Capella ... ... 


0-046 


4484021 


70-30435 


Peters. 
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' It appears, then, that of the vast multitades of stars to which 
the labours of observers hare been directed, there are not more 
than nine which are near enough to our system to be sensibly 
affected in their apparent directions by the orbital motion of the 
earth ; and that the greatest change produced in the direction 
of any of these, when seen from opposite sides of the earth's 
orbit, does not amount to quite so much as one second ; while, 
for those least affected, it does not amount to so much as the tenth 
of a second ; and the necessary inference is, that the nearest of 
the stars which are scattered in such countless numbers over the 
heavens, is at a distance over which light would take three years 
and a-half to pass, moving during that interval through two hun- 
dred thousand miles in each second of time. 

20. The solar system is, consequently, surrounded in every 
direction, above, below, and on every side, by a vast abyss, in 
which no masses of matter, bearing any analogy to the sun or 
planets, are found ; and, indeed, the physical necessity of such a 
surrounding yacuum will be evident, when it is considered that 
the proximity of any such masses to the solar system would, by 
reason of their disturbing forces, throw that system into utter 
confusion ; that it would derange the succession and limits of 
seasons for all the worlds composing it ; would expose them to 
extremes of temperature incompatible with organised life ; and 
would, ere long, bring them into destructive and fatal collision 
with each other, or with the masses in their neighbourhood. 

We see, therefore, that if Omnipotence has withdrawn the exer- 
tion of its creative power £rom the realms of space which imme- 
diately surround us, it has not done so without good and 
beneficent reasons, and that there is as much to admire in the 
absence of such manifestation of power in these regions, as in its 
presence elsewhere. 

21. The most inattentive observer of the heavens will be struck 
with the fact, that the multitude of stars which are presented to 
his view vary extremely in splendour. Some few might be 
imagined to shed a perceptible light, and are truly magnificent 
objects, even when viewed only by the naked eye ; while others 
are so minute and faint, as to be barely perceptible. Between 
these extremes there are^infinite gradations ; and astronomers, ia 
adopting a classification, encounter the same difficulty as is pre- 
sented in every other case in which, for the purposes of science, 
natural objects are required to be dbtributed in a limited number 
of distinct groups. Nature has, in all cases, created them as in- 
dividuals, distinguished one from another by infinitely minute 
and faint gradations and characters, while our limited faculties 
compel us to contemplate them, and reason upon them, as though 
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they existed in distinet daases. Such dassificatiou must, there- 
fore, be to a great extent arbitrary, the individuals placed at 
the bottom of one olass being just as well entitled to a place at the 
top of the next. 

Astronomers, accordingly, in the classification of the visible 
stars, in the order of their relative splendour, have encountered a 
like difficulty. The ancient astronomers, by common oonsent, 
distributed all the stars visible to the naked eye into six orders of 
what they called magnitude. The most splendid stars were said 
to be stars of the first magnitude : the next in the order of 
splendour, of the second magnitude ; and so on to the sixth, which 
included the stars barely perceptible with the naked eye. As may 
be expected, from what has been stated, mucb difference between 
astrononier and astronomer arose in settling this dassification. It 
necessarily occurred, that numerous stars had such brigbtness as 
would equally entitle them to be placed at the foot of the stars of 
the first magnitude, or at the head of those of the second magni- 
tude. A still greater number raised a like question as to their 
title to a place in the classes of the second and third magnitude, 
and so on. Notwithstanding these vague and uncertain conditions, 
the ancient classification has still maintained .its place, and has 
been accepted by modem astronomers as the least inconvenient in 
principle, and, as will presently appear, they have even extended 
the principle, defective as it is, to the far more numerous classes 
of star? which the telescope has rendered visible. 

22. An expedient has occasionally been adopted by observers 
aiming at more than usual precision to distinguish stars whos^ 
brightness renders it doubtful to which of two succeeding magni- 
tudes they Ought to be assigned, consisting of a fraction annexed 
to the number which designates the higher of the two orders. 
Thus, for example, a star whose brightness appears to give it 
equal titles to be placed at the foot of those of the second, or the 
head of those of the third magnitude, is designated as a star oi 
the 2| magnitude. 

Modern observers have also extended the ancient classification 
to seven orders of magnitude ; dividing the ancient stars of the 
sixth magnitude into two, designated the sixth and the seventh 
magnitudes ; so that, according to the classification received at 
present, the most minute stars visible to the naked eye, under the 
]?Eiost favourable atmospheric conditions at midnight, when all 
interference of solar light is removed, are classed as stars of the 
seventh magnitude. 

We must here, however, observe, that we fall again into the 
difficulties arising from arbitrary classificationf since certain stars 
are visible to some eyes, which, at the same time and phice, are 
184 



MAGNITUDES OF STABS. 

inyisible to others without telescopic aid. Strictly sp^iking, 
therefore, stars of the seventh magnitude may be considered as 
holding an intermediate and doubtful place between those which 
can and those which cannot be seen by the naked eye. 

Haying thus explained generally the classification of stars 
according to their relative apparent splendour, we are now to 
state the total number of each class scattered over the entire 
firmament. 

23. According to the most accredited catalogue, that of Aige- 
lander, the total number of stars from the first to the sixth 
magnitude inclusive, observed in the northern hemisphere, has 
been as follows : — 

ist Magnitude . . . . 9 

and ditto . . ' . . . 34 

3rd ditto 96 

4th ditto ' . . . . . Z14. 

5th ditto 550 

6th ditto 1439 

Total number . . . 2342 



24. Owing to the absence of an equal number of observers in 
southern latitudes, that hemisphere has not been so accurately 
surveyed ; but it has been ascertained, that it contains 914 stars, 
from the first to the sixth magnitude inclusive, within 36^* of the 
celestial equator. If it be supposed, as is higUy probable, that 
the stars are distributed in the same proportion over the remainder 
of the southern hemisphere, it will foUow that the total number 
of stars of the first six orders of magnitude, distributed over the 
entire firmament from pole to pole, amounts to 4100. If to this 
be added the probable number of stars of the seventh magnitude, 
which caimot be so exactly ascertained by direct observation, it 
will appear that the total number of stars, distributed over the 
heavens of such a magnitude as to be seen by the best eyes, under 
the most favourable atmospheric circumstances, is about 6000. 

The number of these objects, as they would be estimated by a 
mere coup d'oeil of the heavens, would appear to be vastly greater 
than this ; and even the calculations of some astronomers, allow- 
ing a much larger number for the stars of the seventh magnitude, 
make the total double the number we have here assigned to it. 

25. Are we to suppose, then, that this relative brightness 
which we perceive, really arises from any difference of intrinsic 
splendour between the objects themselves P or does it, as it may 
equally do, arise from their difference of distance ? Are the stars 
of the seventh magnitude so much lesa bright and conspicuous 
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than those of the first magaitadey becanse tiiey are really smaller 
orbs plaoed at the same distance? or because, being intrinsicallj 
equal in splendour and magnitnde, the distance of those ef ihb 
seyenth magnitude is so much greater than the distance of those 
of the first magnitude that they are diminished in tibezr apparent 
brightoessP We know that by the lam ol optics the light 
received from a luminous object dimklifllies in a yery rapid pro- 
portion as the distance increases. Tims, at double the distance it 
will be four times less, at tiiple the distance it will be nine times 
less, at a hundred tkoes the distance it will be ten thousand 
times less, and so on. 

It is eyident, then, that the great variety of lustre which 
preyails among the stars may be indifferentiy explained, either by 
supposing them objects of different intrinsic brightness and mag- 
nitude, placed at the same distance ; or objects generally of the 
same order of magnitude, placed at a gre^it diversity of distances. 

Of these two suppositions, the latter is infinitely the more 
probable and natural; it has, therefore, been usually adopted: 
and we accordingly consider the stars to derive their variety of 
lustre almost entirely from their places in the universe being at 
various distances from us. « 

26. Taking the stars generally to be of intrinsically equal 
brightness, various theories have been proposed as to the positions 
which would explain their appearance ; and the most natural and 
pxpbable is, that their distances from each other are generally 
equal, or nearly so, and correspond with the distance of our sun 
firom the nearest of them. In this way the fact that a small 
number of stars only appear of the first magnitude, and that the 
number increases very rapidly as the magnitude diminishes, is 
easily rendered intelligible. 

If we imagine a person standing in the midst of a wood, sur- 
rounded by trees on every side and at every distance, those 
which immediately surround him will be few in munber, and 
by proximity will appear large. The trunks of those which 
occupy a circuit beyond the former, will be more numerous, 
the circuit being wider, and will appear smaller, because their 
distance is greater. Beyond these again, occupying a still wider 
circuit, will appear a proportionally augmented number, whose 
apparent magnitude will again be diminished by increased dis- 
tance ; and thus the trees which occupy wider and wider drcoits 
at greater and greater distances will be more and more numerous, 
and will appear continually smaller. It is the same with the 
stars ; we are placed in the midst of an immense /cluster of suns, 
surrounding us on every side at inconceivable distances. Those 
few which are placed immediately about our system, appear 
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bright and large, and we call them stars of the first magnitude^ 
Those which lie in the circuit beyond, and occupy a wider range, 
are more numerous and less bright; and we caU them stars of the 
second magnitude. And there is thus a progression increasing hk 
number and distance and diminishing in brightness, until we 
attain a distance so great that the stars are barely visible to the 
naked eye. This is the limit of vision. It is the limit of the 
range of the eye in its natural condition ; but an eye has been 
given us more potent stiU, and of infinitely wider range, — ^the eye- 
of the mind. The telescope, a creature of the understanding, has 
conferred upon the bodily eye an infinitely augmented range, 
and, as we shall presently see, has enabled us to penetrate into* 
realms of the universe, which, without its aid, would never have 
been known to us. But let us, however, pause for the present, 
and dwell for a moment upon that range of space which comes- 
within the scope of natural vision. 

27. A planet, to the naked eye, with one or two ^exoeplMiifl, 
appears like a common star. The tekaeope, hemreirer, immediately 
presents it to us with a diftinet areolar disc, similar to that 
which the maomffen to the naked eye ; and in the case of some 
of tbe planets, a powerful telescope will render them apparently 
even larger than the moon. But the effect is very different 
indeed when the same instrument is directed even to the brightest 
star. We find that instead of magnifying, it actually diminishes. 
There is an optical illusion produced when we behold a star,, 
which makes it appear to us to be surrounded with a radiation 
which causes it to be represented, when drawn on paper, by a dot 
with rays diverging on every side from it. The effect of the 
telescope is to cut off this radiation, and present to us the star a» 
a mere lucid point, having no sensible magnitude ; nor can any 
augmented telescopic power which has yet been resorted to, 
produce any other effect. Telescopic powers, amoimting to 6000, 
were occasionally used by Sir William Herschel, and he stated 
that with these the apparent magnitude of the stars seemed less, 
if possible, than with lower powers. 

28. We have other proofs of the fact, that the stars have no 
sensible discs, among which may be mentioned the remarkable 
effect called the oooultation of a star by the dark edge of the moon. 
When the moon is a crescent, or in the quarters, as it moves over 
the firmament, its dark edge successively approaches to, ov 
recedes from, the stars. And from time to time it happens that 
it passes between the stars and the eye. If a star had a sensible 
disc in this case, the edge of the moon would gradually cover it,, 
and the star, instead of being instantaneously extinguished, 
would gradually disappear. This is found not to be the case; 
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the star preserves all its lustre untQ the moment it comes into 
<K>ntaot with the dark edge of the moon's disc, and then it is 
instantly extingaished, without the slightest appearance of 
diminution of its brightness. . . 

29. It may be asked then, if such be the case, and if none of the 
fitars, great or small, have any discoverable magnitude at aU, with 
what meaning can we speak of stars of the first, second, or other 
•orders of magnitude ? The term magnitude thus applied, was 
used before the invention of the telescope, when the stars, having 
been observed only with the naked eye, were really supposed to 
have different magnitudes. We miist accept tiie term now to 
•express, not the comparative magnitude, but the comparative 
brightness of the stars. Thus, a star of the first magnitude 
^leans of the greatest apparent brightness ; a star of the second 
magnitude, means that which has tiie next degree of splendour, 
and so on. But what are we to infer from this singular &ct, 
that no magnifying power, however great, will exhibit to us a 
star with any sensible magnitude? must we admit that the 
-optical instrument loses its magnifying power when s^plied to the 
.stars, while it retains it with every other visible object ? Such 
a consequence would be eminently absurd. We are therefore 
•driven to an inference regardiog the magnitude of stars, as 
astonishing and almost as inconceivable as that which was 
forced upon us respecting their distances. We saw that the 
-entire magnitude of the annual orbit of the earth, stupendous as 
it is, was nothing compared to the distance of one of those bodies, 
4ind, consequently, if tiiat orbit were filled by a stm, whose mag- 
nitude would therefore be infinitely greater than that of ours, 
such a sun would not appear to an observer at the nearest star of 
-greater magnitude than 1" ; consequently, would have no magni- 
tude sensible to the eye, and would appear as a mere lucid point 
to an observer at the star ! We are then prepared for the inf er- 
<ence respecting the fixed stars which telescopic observations lead 
to. The telescope of Sir William Herschel, to which he applied a 
power of 6000, did undoubtedly magnify the stars 6000 times, 
but even then their apparent magnitude was inappreciable. 
We are then to infer that the distance of these wonderM bodies 
is so enormous, compared with their actual magnitude, that their 
apparent diameter, seen from our system, is above 6000 times less 
than any which the eye is capable of perceiving. 

30. It appears, therefore, tiiat stars are rendered sensible to 
the eye, not by subtending a sensible angle, but by the light they 
^mit. It has been already explained,* that an illuminated or 

* See Tract on " The Eye." 
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Inmiiious object — such, for example, as the sun — has the same 
apparent brightness at all distances ; and, consequently, that the 
quantity of light which the eye of an ' observer reoeiTes from it 
being in the exact ratio of the apparent area of its Tisible disc, is 
inyersely as the square of its distance. It remains, howeyer, to 
explain how it can be that, after it ceases to haye a disc of 
sensible diameter, it does not cease to be yisible. This arises 
from the fact, that the luminous point oonstituting the image on 
the retina, is intrinsically as bright as when that image has a 
large and sensible magnitude. The eye is therefore sensible to 
the light, though not sensible to the magnitude of the image ; 
and it continues to be sensible to the light, until by increase of 
distance the light which enters the pupil, and is collected on the 
retina, though still as intense in its brilHancy as before, is so 
small in its qttanHty, that it is insufficient to produce sensation. 

31. Since it is certain that no body shining like a planet, with 
borrowed light, could be yisible at all, eyen with the aid of a 
telescope, at distances fax less than those which intervene 
between the solar system and the nearest of the stars, it follows 
that the stars must be self-shining bodies like our sun ; or, what 
is the same, that our sun is only one individual unit of the vast 
number of stars, which are scattered through the universe. This 
being admitted, a question of much interest and importance 
arises, to determine not merely the distance of our sun from sur* 
rounding suns, and the distances of surrounding suns from each 
other, but also the comparative magnitude or splendour of these 
numerous suns, relatively to our own and to each other. 

32. One of the most essential data for the solution of this pro* 
blem, is a sufficiently exact numerical estimate of the comparative 
apparent lustre of tiie stars as they appear to the eye, relatively 
to the sun and to each other. Various instruments have accord- 
ingly been invented called Photometers or Astrometers, which 
have attained this object with more or less precision. Without 
entering into the details of the principle or construction of such 
instruments, we may here state that by their means, the propor- 
tion of the quantity of light transmitted to the eye by the sun or 
moon, or by either of these objects, and a star, or by different 
stars, compared together, can be ascertained. 

By such means. Sir J. Herschel compared the full moon with 
certain fixed stars, and ascertained, by a mean of eleven observa- 
tions, that its lustxe bore to that of the star a Gentauri, which he 
selected as the standard star of the first magnitude, the ratio of 
27408 to 1 ; in other words, he showed that a cluster consisting of 
27408 stars equal in brightness to that of a Gentauri would give 
the same light as the full moon* 
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Dr. Wollaston, by certain photometrio methods, which are con- 
•sidered to have been susceptible of great precision, compared the 
light of the sun with that of the fiall moon, and found that the 
Tatio was 801072 to 1 ; or in other words, that to obtain moon- 
light as intense in its lustre as sun-light, it would be necessary 
that 801072 full moons should be stationed in the firmament 
together. 

33. By the combination of these observations of Herschel and 
Wollaston, we are supplied with means of bringing into direct 
numerical comparison the sun and the star a Centauri. Since it 
appears that the light of a Centauri is 27408 times less than that 
of the full moon, while the light of the full moon is 801072 times 
less than that of the sun, it will evidently follow, that the light 
received by the eye from the sun, is greater than that received 
from the star in the proportion of 801072 times 27408 to 1. 
Thus, it appears that the light received from the sun, is in round 
numbers 21956 million times the light received from this parti- 
cular star, which has been adopted as a fair average standflurd of 
stars of the first magnitude. 

34. It has been demonstrated by theory, and verified by experi- 
ment, that when a luminous object is removed from the eye to 
increasing distances, the light which the eye receives from it will 
decrease in the same proportion as the square of the distance 
increases : that is, at twice the distance, the light is decreased to 
one fourth ; at three times the distance, to a ninth ; at four times 
the distance, to a sixteenth, and so on. 

Now, upon this principle, it will be easy to compute the 
proportion in which the apparent light of the sun would be 
diminished by any given increase of distance ; or, what increase 
of distance would produce any given decrease of light. Let it 
then, be demanded how far the sun should be removed from the 
observer, in order that its light should be decreased in the pro- 
portion of 21956 millions to 1, that is so that its light should be 
«qual to that of the star a Centauri. According to what has been 
just explained, this increase of distance will be found by taking 
the square root of 21956 millions, which is 148175. It follows, 
therefore, that if the sun were removed to 148175 times its pre- 
sent distance, it would appear as a star precisely similar to the 
star a Centauri. 

But it has been already shown that this particular star is at a 
stance 225920 times that of the sun, and, consequently, it 
follows, that if the sun were removed to that distance,' its lustre 
would be less than that of a Centauri, in the proportion of the 
square of 148175 to the square of 225920, which is in the propor- 
tion of 22 to 51. 
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Since then, the sun placed beside the star a Centauri, both 
being at the same distance from the obseryery would appear less 
bright than the star in the proportion of 22 to 51, or 1 to 2J, it 
follows, that the star a Gentauri is a sun more than twice the 
superficial magnitude of ours, supposing that its luminous surface 
has the same lustre. 

35. Sir J. Herschel found that the lustre of the dog-star is four 
times that of a Centauri ; but according to what has been given 
In the table in page 182, the distance of the dog-star called 
iSirius, from our system is 896087 times that of the sun. Now 
from these data, it will be easy to calculate the relative magni- 
tudes of our sun and the dog-star. 

Since the light received from the dog-star is four times that 
received from a Gentauri, while the light received from the latter 
is 21956 million times less than that received from the sun, it 
follows, that the light received from the dog-star is 5489 million 
times less than the light received from the sun. Let us now 
imagine the sun removed to the distance of the dog-star, and let 
us consider what would then be the light received from it. . The 
distance of the dog-star being 896087 times that of the sun, the 
sun removed to that distance, would shine with a light less than 
its present light, in the proportion of the square of 896087 to 1, 
which is in the proportion of 802972 millions to 1. But from 
what has been stated above, it appears that the dog-star at the 
same distance, shines with a light less than the sun in the pro- 
portion of 5489 millions to 1. It follows, therefore, that the sun 
and the dog-star, being placed at the same distance from the 
observer, the lustre of the dog-star would exceed that of thesun 
in the proportion of 802972 to 5489, or 146^ to 1 ; * from which we 
arrive at the surprising conclusion, that, supposing the surface of 
Sirius to have a lustre equal to that of the surface of the sun, its 
surface must be 146^ times greater than that of the sun, so that 
this stupendous globe of light would have a diameter 12*09 times 
greater than that of our sun ; and, since the diameter of the latter 
is 882000 miles, that of Sirius would be 10,663380 miles. 

36. Since no telescope, however great might be its power, has 
ever presented a fixed star with a sensible disk, it might be 
inferred that, for the purposes of. stellar investigations, the im- 
portance of that instrument must be inferior to that which it may 
claim in other applications. Nevertheless it is certain, that in no 
department of physical science has the telescope produced such 

* Sir John Herschel makes the proportion 63*02, which is certainly 
incorrect, that being the ratio of tiie brightness of Sirins to that of a 
Oentanri, and not that of Sirius to the sun ; see Herschers Astronomy, 
p. 558, edition 1849. 
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wonderfdl results as in its application to the analysis of the stany 
heavens. 

Two of the chief conditions necessary to dbtinct vision aie, 
first, that the image on the retina shall have sufficient magnitude; 
or, what is equivalent to this, that the object or its image shall 
subtend at the eye a visual angle of sufficient magnitude ; and. 
Secondly, it must be sufficiently illuminated. When, by reason 
of their distance from the observer, visible objects fail to fuMl 
either or both of these conditions, the telescope is capable of 
re-establishing them. It augments the visual angle by substi- 
tuting for the distant object, which the observer cannot approach, 
an optical image of it close to his eye, which he can approach ; 
and it augments the illumination by collecting, on each point of 
such image, as many rays as can enter the aperture of the object 
glass, instead of the more limited number which can enter the 
pupil of the naked eye ; allowance, nevertiieless, being made for 
the light lost by reflection from the surfaces of tiie lenses, and by 
the imperfect transparency of their material. 

37. Although no telescope hitherto constructed has ever pre- 
sented to an observer the optical image of a star, so as to be seen 
with any sensible visual angle, such image always appearing as a 
mere lucid point, it is capable, nevertheless, of increasing the 
brilliancy of that point in an immense proportion. The way in 
which it accomplishes this, is easily explained. If the eye be 
imagined to be directed to a star, as shown in fig. 2, the 
number of rays diverging from that star, and consequently its 
apparent brightness, will be limited by, and proportional to the 
magnitude of the pupil. But if the pencil of rays, before arriviiig 
at the eye, be received upon the object glass of a refracting 
telescope, as shown in &g. 3, or upon the concave reflector of 
a reflecting telescope, as shown in &g. 4, they will be made to 
converge to a point, and by proper expedients, the eye being 
placed near that point, instead of receiving only so many rays, as 
are proportionate to the dimensions of the pupil, will receive all, or 
nearly all the rays which pass through the object glass, or which 
are reflected from the concave speculum. Thus, the intensity 
of the light received from the object will, by such an instrument, 
be augmented very nearly in the proportion of the square of ilie 
diameter of the pupil to the square of the diameter of the object 
glass or speculum. Taking, for example, the diameter of the 
object-glass at 12 inches ; and that of the pupU a Httle less than 
the eighth of an inch, the former will be about 100 times the 
latter; and it will consequentiy augment the light received by 
the eye, in the proportion of about 10000 to 1 . 
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38. Telescopic stars. — 89. Space-penetratiDg power of the telescope. — 
40. Vast distances of sinal] telescopic stars. Periodic Stars : 41. 
Stars of variable lustre. — 42. Hemarkable stars of this kind in 
Cetus and Perseus. — 43. Table of periodic stars. — 44. Hjrpothesis 
to explain Periodic stars. Temporary Stars : 45. Such stars seen 
in ancient times. — 46. Star discovered by Mr. Hind.— 47. Missing 
stars. Double Stars : 48. Researches of Sir W. and Sir J. Herschel. 
— 49. Stars optically double. — 50. This supposition not admissible. — 
51. Refuted by the proper motion. — 52. Classification of double stars. 
— 53. Table of double stars. — 54. Coloured double stars. — 55. Triple 
and other multiple stars. — 56. Attempt to discover parallax by double 
stars. — 57. Observations of Sir W. Herschel. 

38. Ik the preceding paragraphs, our observations have been 
limited to those stars which, are visible to the naked eye. But 
the power of the telescope to augment in an indefinite proportion 
the light received by the eye from such an object, obviously sup- 
plies the means of rendering stars visible, which, by reason of 
their extreme distance, transmit light of too small a quantity to 
affect the retina in any sensible degree. "We have seen that stars 

* The objects are here drawn upon a larger scale than in the original 
figures, in order to render their details more distinct. The same enlarge- 
ment of scale has been made m figs. 17, 18, 19, 20, 29, 80, 41, 42, 43, 
44, 45, 46, 57, 58. 

Lardner's Museum ot Science. o 193 

No. 90. 



THE STELLAB UNIYEBSE. 

of the serenth magnitude are only yisible under the most 
faTonrable atmospheric conditions, and by the sharpest eyes; 
noWy if we suppose these stars, or others similar to them, to he 
placed at twice their distance, the ! light they transmit will be 
diminished in a fourfold proportion; and since at their actoal 
distance they were barely yisible, they will be eyidently invisible 
at the augmented distance. But if we suppose a telescope 
directed to them, which has the power of increasing the light 
transmitted to the eye in a fourfold proportion, they will, when 
seen through it, appear exactly as stars of the serenth magnitude ; 
and if the telescope be capable of increasing the light in a greater 
proportion, they will appear as stars of a still greater magnitude. 

In like manner, if we suppose stars of the seventh magnitude 
removed to three times their present distance, their light would be 
diminished in a ninefold proportion. But a telescope which would 
increase the light transmitted to the eye in a ninefold proportion, 
would make such stars appear like those of the seventh magnitude. 

By following the same supposition, we may imagine stars of the 
seventh magnitude to be removed successively to four, five, 
six, &c. times their present distance, when their light would be 
decreased ia a sizteen-fold, twenty-five-fold, and thirty-six-fold, 
&c. proportion, so that all would be removed far beyond the 
limits of visibility by the naked eye. But if telescopes be suc- 
cessively directed to such stars, which are capable of increasing 
the lig^t received from them in a sixteen-fold, twenty-five-fold, 
thirty-six-fold, &c. proportion, they will be all seen as stars of 
the seventh magnitude. 

Although it be highly probable, if not certain, that the innumer- 
able suns, which appear to us as stars, have di£ferent real mag- 
nitudes, we may, in taking them in large collections, assume that 
their average magnitude is the same or nearly so, since it is in 
the highest degree improbable, that the small suns would be all 
placed at the greatest distances from the solar system, while the 
large suns would be placed nearest to it. Assuming, then, that 
the average magnitude of the stars taken in large collections is 
uniform, it will follow, that their succession of distances will be 
proportional to the square roots of the powers of the telescopes, 
which are capable of collecting sufficient light from them to 
give them the appearance of stars of a given magnitude, the 
seventh, for example, as seen with the naked eye. 

39. Such was the principle which inspired Sir W. Herschel 
with the stupendous idea of gauging the universe. He contrived 
to vary the power of his telescopes to collect the light of the stars 
in such a manner as to bring into view, successively, those 
which filled regions of space between given limits of distance. 
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This is wliat has been called the space-penetrating power of the 
telescope. 

If the light of a star of the sixth magnitude be 100 tinie^iess 
than that of a star of the first magnitude, a telescope which would 
augment the light 100 times, would exhibit it with the same 
apparent brightness as a star of the first magnitude. 

Thus, for example, the reflecting telescope used by Sir William 
Herschel, in some of his principal stellar researches, had an 
aperture of eighteen inches, and twenty feet focal length, with a 
magnifying power of 180. The space-penetrating power of this 
instrument was found to be seventy-fiye, the meaning of which 
is, that when directed to a star of any given brightness, it would 
augment its brightness so as to make it appear the same as it 
would be if at seventy-fiye times less distance, or what is the 
same, that a star which to the naked eye woiQd appear of the 
same brightness as that star does when seen in the telescope would 
require to be removed to seventy-five times the actual distance, so 
that when seen through the telescope it would have the brightness 
it has when seen with the naked eye. Thus a star of the sixth 
magnitude, if removed to seventy-five times the actual distance, 
would appear in such an instrument still as a star of the sixth 
magnitude would to the naked eye ; and if we assume with Sir 
John Iterschel, that a star of the sixth magnitude has a hundred 
times less light than a Centauri, and is therefore at ten times a 
greater distance, it will follow that a Centauri would require to 
be removed to 750 times its actual distance, so that when viewed 
through such telescope it would be seen as a star of the sixth 
magnitude is to the naked eye. 

40. If, then, it be assumed, as it may fairly be, that among the 
innumerable stars which are beyond the range of unaided vision, 
and brought into view by the telescope, a large proportion must 
have the same magnitude and intrinsic brightness as the average 
stars of the first magnitude, it will follow that these must be at 
distances 750 times greater than the distance of an average star 
of the first magnitude, such as a Centauri. But it has been 
already shown that the distance of a Centauri is such that light 
would require 3*54217 years to come from it to the earth. It 
would therefore follow, that the distance of the telescopic] stars 
just referred to, must be such that light would take to come from 
them to the earth 

3-54217 X 750 = 2656-6275 years. 

If it be desired to ascertain the distance of such stars, taking 
the earth's distance from the sun as the unit, we shall have 
225920 X 750 = 169,440000. 

It appears, therefore, that the distance of such a star would be 
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about one husdred and seventy million times the distfuice of tlie 
finn ; and since the distance of the sun expressed in round numbers 
is one hundred millions of miles, it will follow that the distance of 
such a star is seventeen thousand billions of miles. 

We arrive, therefore, at the somewhat astonishing conclusion 
that the distance of these objects, the existence of which the 
telescope alone has disclosed to us, must be such that light, 
moving at the rate of 192000 miles per second, takes upwards of 
2600 years to come from them to us, and consequently that the 
objects we now see are not those which now exist, but those 
which did exist 2600 years ago ; and it is within the scope of 
physical possibility that they may have changed their conditions 
of existence, and consequently of appearance, or even have ceased 
to exist altogether, more than 2000 years ago, although we 
actually see them at this moment. 

This incidentally shows that the actual perception of a visible 
object is no conclusive evidence of its present existence. It is 
only a proof of its existence at some anterior period. 

It appears, then, that there are numerous orders of stars, which 
by reason of their remoteness are invisible to the naked eye, but 
which are rendered visible by the telescope ; and these stars are, 
like those visible to the naked eye, of an infinite variety of 
degrees of magnitude and brightness, and have accordingly been 
classed by astronomers according to an order of magnitudes in 
numerical continuation of that which has been somewhat indefi- 
nitely or arbitrarily adopted for the visible stars. Thus, suppos- 
ing that the last order of stars visible without telescopic aid is 
the seventh, the first order disclosed by the telescope will be 
the eighth, and from these the telescopic stars, decreasing in 
niagnitude, have been denominated the ninth, tenth, eleventh, 
&c. to the sixteenth, or seventeenth magnitude, the last being the 
smallest stars which are capable of being rendered distinctly 
visible by the most powerful telescope. 

Besides bringing within the range of observation objects placed 
beyond the sphere which limits the play of natural vision, the 
telescope has greatly multiplied the number of objects visible 
within that sphere, by enabling us to see many rendered invisible 
by their minuteness, or confounded with others by their apparent 
proximity. Among the stars also which are visible to the naked 
eye, there are many, respecting which the telescope has disclosed 
circumstances of the highest physical interest, by which they 
have become more closely allied to our system, and by which it is 
demonstrated that the same material laws which coerce the planets, 
and give stability, uniformity, and harmony to their motions, 
are also in operation in the most remote regions of the universe. 
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We shall first notice some of the most remarkable discoyeriei^ 
respecting indiyidoal stars, and shall afterwards explain those 
which indicate the arrangement, dimensions, and form of the 
collectiYe mass of stars which compose the visible firmament, 
and the results of those researches which the telescope has enabled 
aijtronomers to make in regions of space still more remote. 

PEBIODIC STABS. 

41. The stars in general, as they are stationary in their appa- 
rent positions, are equally invariable in their apparent magnitudes 
and brightness. To this, howeyer, there are seyeral remarkable 
exceptions. Stars have been observed, sujQiciently numerous to 
be regarded as a distinct class, which exhibit periodical changes 
of appearance. Some undergo gradual and alternate increase 
and diminution of magnitude, varying between determinate 
limits, and presenting these variations in equal intervals of time. 
Some are observed to attain a certain maximum magnitude, from 
which they gradually and regularly decHne imtil they altogether 
disappear. After remaining for a certain time invisible, they 
re-appear and gradually increase till they attain their maTitnTiTn 
splendour, and this succession of changes is regularly and perio- 
dically repeated. Such objects are called fekiodic stabs. 

42. The most remarkable of this class is the star called 
OmtkroHf in. the neck of the Whale, which was first observed by 
David Fabridus, on the 13th August, 1596. This star retains its 
greatest brightness for about fourteen days, being then equal to a 
large star of the second magnitude. It then decreases continually 
for three months until it becomes invisible. It remains invisible 
for five months, when it- re-appears, and increases gradually for 
three months until it recovers its maximum splendour. Thus is 
the general succession of its phases. Its entire period is about 
332 days. This period is not always the same, and the grada- 
tions of brightness through which it passes are said to be subject 
to variation. Hevelius states that, in the interval between 1672 
and 1676, it did not appear at all. 

Some recent observations and researches of M. Argelander, 
render it probable that the period of this star is subject to a 
variation which is itself periodical, the period being alternately 
augmented and diminished to the extent of twenty-five days. The 
variations of the maximum lustre are also probably periodicaL 

The star called Algol, in the head of Medusa, in the constella^ 
tion of Perseus, affords a striking example of the rapidity with 
which these periodical changes sometimes succeed each other.. 
This star generally appears as one of the second magnitude ; but 
an interval of seven hours occurs at the expiration of every sixty- 
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two, during the first three hours and a half of which it gradually 
diminishes in brightness till it is reduced to a star of the fourth 
magnitude, and during the remainder of the interval it again 
gradually increases until it recoyers its original magnitude. Thus, 
if we suppose it to have attained its maximum splendour at midnight 
on the first day of the month, its changes would be as follows : — 

J>. H. X. D. H. X. 

o o otozi4 o It appears of second magnitude. 

2. 14 o to 2 17 24 It decreaaes gradually to fourth magnitude. 

2 17 24 to 2 20 48 It increases gradually to second magnitude. 

2 20 48 to 5 10 48 It appears of second magnitude. 

5 10 48 to 5 14 12 It decreases to fourth magnitude. 

5 14 12 to 5 17 36 It increases to second magnitude. . 
ke, &c. &c. 

This star presents an interesting example of its class, as it is 
constantly yisible, and its period is so short that its succession of 
phases may be frequently and conveniently observed. It is 
situate near the foot of the constellation Andromeda^ and lies a 
few degrees north-east of three stars of the fourth magnitude, 
which form a triangle. 

Goodricke, who discovered the periodic phenomena olAlgolin. 1 782, 
explained these appearances by the supposition that some opaque 
body revolves round it, being thus periodically interposed between 
the earth and the star, so as to intercept a large portion of its light 
The more recent observations on this star indicate a decrease 
of its period, which proceeds with accelerated rapidity. Sir J. 
Herfchel thinks that this decrease will attain a limit, and wiU be 
followed by an increase, so that the variation of the period will 
prove itself to be periodic. 

The stars 8 in Cephem and /3 in Lyra are remarkable for the 
regular periodicity of their lustre. The former passes from its 
least to its greatest lustre in thirty-eight hours, and from its 
greatest to its least in ninety-one hours. The changes of lustre 
of the latter, according to the recent observations of M. Argelander, 
are very complicated and curious. Its entire period is 12 days 
21 hrs. 53 min. 10 sec, and in that time it first increases in lustre, 
then decreases, then increases again, and then decreases, so that 
it has two maxima and two minima. At the two maxima its 
lustre is that of a star of the 3*4 magnitude, and atone of the 
minima its lustre is that of a star of the 4*3, and at the other that 
of a star of the 4*5 magnitude. In this case also the period of the 
stair is found to be periodically variable. 

43. In the following Table the stars periodically variable, dis- 
covered up to 1848, are given, with their periods and exti-emes of 
lustre. This Table has been collected from various astronomical 
records by Sir J. HerscheL 

198 



PEBIODIC STABS. 



6 . Star. 
35 


Period. 


Ifal^^dL 




d. dec 


from. 


to 




10 Penei (Algol) . 


2-8673 


2 


4 


Goodricke, 1782. 


2 K Tanii .... 


4± 


4 


5-4 


fiuendell, 1848. 


3 5 Ccphei 


5*3664 


3-4 


5 




4v AqnikB .... 


7-1768 


8-4 


4-5 


Plgott, 1784. ^ 


5* CSwicriB.A.a800)=8M 
82-fi-N.P.D. 70M5'/ 


9-015 


7-8 


10 


Hind, 1848. 




10-2 


4-3 


4-5 


Sdimidt^ 1847. 


7/8 Lyi» . 


12-9119 


3-4 


4-5 


Goodricke, 1784. 


8 A H^!CIll]8 ... 


63± 


3 


4 


Herschel, 1796. 


9 59B.ScatiB.Aa801)=18^) 
37-N.P.D.=96-67' > 


71-200 


5 





Pigott, 1795. 


10 c AnrigBB 


250± 


3 


4 


Heis, 1846. 


11 o €eti(Miia) . . 


331-68 


2 





Fabricins, 1596. 


12 * Serpentifl B. A. (1828) 1 










=16M6-45-;N.P. . 


335± 


7? 





Harding, 1826. 


D. 74' 20' 80" . 










13 X Cygni , . . . 


396-875 


6 


11 


Kirch, 1687. 


14 u Hjdne (B.A.C. 4501) . 


494± 


4 


10 


Maraldi, 1704. 


15 ♦ Cephei (B.A.C. 7582) . 


5 or 6 years 


3 


6 


Herschel, 1782. 


16 34 Cygni (B.A.C. 6990). . 


18 years ± 


6 





Janson, 1600. 


17* Leonia (B.A.C. 8345) . 


Many yean 


6 





Koch, 1782. 


18 ic 8i«ittarii . . 


DiUo 


3 


6 


Halley, 1676. 


19ifr Leonis. 


IHtto 


6 





Montanari, 1667. 


20 If Qygni .... 


Ditto 


4-5 


5-6 


Her8chel,Jnn.,1842! 


21* Tirgmi8B.A. a840)=\ 
12^8-N.P.D. 82«8'/ 


145 days 


6-7 





Harding, 1814. 


22* GoiQiueBor.^.A.C.5286) 


lOi months 


6 





Pigott, 1795. 


23 7 Arietis (B.A.C. 581) . 


5years! 


6 


8 


Piaxsi, 1798. 


24,1 Aigfts .... 


Irv^gnlar 


1 


4 


Bnrchell, 1827. 


25 « Orionu . ... 


Irr^nlar 


1 


1-2 


Herschel, Jan., 1836. 


26 a Unemigoris . . 


Some years 


1-2 


2 


Wtto, 1846. 


27 ir UiSBe nugorLs 


Ditto 


1-2 


2 


Dittos 1846. 


283 Ut8» minoris . . . 


2 or 3 years ? 


2 


2-3 


Strnve, 1838. 


29« Cusiopeiie . . * . 


225 days? 


2 


2-3 


Herschel, Jiin., 1838. 


SO a Hydnb .... 


29 or 30 days ? 


2-3 


3 


Ditto, 1837. 


31* B.A. (1847)= 22^ 58-' 










57 •9- N.P.D.= 80' . 


Unknown 


8? 





Hind, 1848. 


17' 30" . 










1 S2* B.A.(1848) = 7^33^' 










55-2- N.P.D.=66'» - 


Ditto 


9 





Ditto, 1848. 


ir 56" . 










53* B. A. (1848) = 7* 40-= 










10-3-N.P.D. = 65*» ► 


Ditto 


9 





Dittos 1848. 


53' 29" 










34N«ff*B.A. 22fc21-0-4-' 










(1848)N.P.D.=100*» . 


Ditto 


7-8 





Biimker. 


42' 40" . 










55* B.A. (1848) 14^ 44-' 










39-6- N.P.D. lOr ► 


Ditto 


8 


9*10 i Schumacher. | 


45' 25". . . . 










B6S Unflenujoris 


Many years 


2? 


2-3 


Matter of general 








! remark. | 
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N.B. In the above list the letters B. A, C. indicate the catalogue of the 
Britiflh Association, B. the catalogue of Bode. Numbers before the name 
of the constellation (as 84 Cjgni) denote Flamsteed's stars. Since this 
Table was drawn ap^ four additional stars, Tai-iable from the 8th or 9th 
malpiitude to 0, have been communicated to us by Mr. Hind, whose places 
toe as follow : (1.) r. a. !»» 38"» 24« ; n. p. d. 81" 9' 89" ; (2.) 4^ 50« 
42% 80' 6' 86" (1846); (8.) 8'» 48« 8-, 86» 11' (1800); (4,) 22»» 12»9», 
, 82*^ 59' 24" (1800). Mr. Hind remarks that about several variable stars 
some degree of haziness is perceptible, at their minimum. Have they 
clouds revolving round them as planetary or cometary attendants ? He 
also draws attention to the &ct that the red colour predominates among 
variable stars generally. The double 6tar, No.. 2718 of Struve*s Cata- 
logue, IL A. 20" 84" p. D. 77* 64', is- stated by Sir John Herschel 
to be variable. Captain Smyth (Celestial Cycle, i. 274) mentions also 
8 Leonis and 18 Leonis as variable, the former fit)m 6*^ to 0, Period 78 
days> the latter from 5" to 10", Period Sll** 23^ but without citing any 
authority. Piazzi sets down 96 and 97 Yirginis and 88 Hercidis as 
variable stars. 

In the case of many of the stars in the pTeceding Table, the 
variations of lustre are subject to considerable irregularities. 
Thus No. 13 was scarcely visible from 1698, for the interval of 
three years, even at the epochs when it ought to have had its 
greatest lustre. The extremes of lustre of No. 9 are also very 
variable and irregular. In general the variations of No. 22 
are so inconsiderable as to be scarcely perceivable, but they 
become sometimes suddenly so great that the star wholly disap- 
pears. The variations of No. 25 were very coijmpicuous from 
1836 to 1840, and again in 1849, being ^much less so in the 
intermediate time. 

44. Several explanations have been proposed for these ap- 
pearances. 

1. Sir "W. Herschel considered that the supposition of the 
existence of spots on the stars similar to the spots on the sun, 
combined with the rotation of the stars upon axes, similar to 
the rotation of the sun and planets, afforded so obvious and 
satisfactory an explanation of the phenomena, that no other need 
be sought. 

2. Newton conjectured that the variation of brightness might 
be produced by comets falling into distant suns and causing 
temporary conflagrationB. "Waiving any other objection to this 
conjecture, it is put aside by its insufficiency to explain the 
periodicity of the phenomena. 

3. Maupertius has suggested that some stars may have the form 
of thin flat disks, acquired either by extremely rapid rotation on 
an axis, or other physical cause. The ring of Saturn affords an 
example of this, within the limits of our own system, and the 
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xuLodem disooyeries in nebular astronomy offer other examples of 
a like form. The Axis of rotation of such a body might be sub- 
ject to periodieal change like the nutation of the earth's axis, so 
that the flat side of the luminous disk might be presented more or 
less towards the earth at different times, and when the edge is so 
presented, it might be too thin to be visible. Such a succession 
of phenomena are actually exMbited in the case of the rings of 
Saturn, though proceeding from different causes. 

4. Mr. Dunn * has conjectured that a dense atmosphere sur- 
ronndi^ig the stars, in different parts more or less perrious to 
light, may explain the phenomena. This conjecture, otherwise 
vague, indefinite, and improbable, totally fails to explain the 
periodicity of the phenomena. , 

5. It has been suggested that the periodical obscuration or total 
disappearance of the star, may arise from transiU of the star by 
its attendant planets. The transits of Yenus and Mercury are 
the basis of this conjecture. 

The transits of none of the planets of the solar system, seen 
from the stars, could render the siui a periodic star. The magni- 
tudes, even of the largest of them, are altogether insufficient for 
such an effect. To this objection it has been answered that planet» 
of vastly greater comparative magnitude may revolve round other 
suns. But if the magnitude of a planet were sufficient to produce 
by its transit these considerable obscurations, it must be very 
little inferior to the magnitude of the sun itself, or at all events, 
it must bear a very considerable proportion to the magnitude of 
the sun; in which case it may be objected that the predominance 
of attraction necessary to maintain the sun in the centre of its 
system could not be secured. To this objection it is answered, 
that although the planet may have a great comparative nutgnitudey 
it may have a very small comparative density ^ and the gravitating 
attraction depending on the actual mass of matter, the predomi- 
nance of the solar mass may be rendered consistent with tho- 
great relative magnitude of the planet by supposing the density of 
the one vastly greater than that of the other. The density of the 
sun is much greater than the density of Saturn. 

6. It has been suggested that there may be systems in which 
the central body is a planet attended by a lesser sun revolving 
round it as the moon revolves round the earth, and in that case 
the periodical obscuration of the sun may be produced by its pas-^ 
sage once in each revolution behind the central planet. 

Such are the various conjectures which have been proposed to 
explain the periodic stars ; and as they are merely coujectures,. 

♦ Phil. Trans, vol. lii. 
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floaroely desemng the name of hypotheses or theories, we shall 
leave Ihem to be taken for what they are worth. 



TEMPOEABY STAES. 

Phenomena in most respects similar to those jast described, bat 
exhibiting no reonrrenoe, repetition, or periodicity, haye been 
observed in many stars. Thus, stars have from time to time 
appeared in various parts of the firmament, shone with eztraordi- 
nary splendonr for a limited time, and have then disappeared 
and have never again been observed. 

45. The first star of this class which has been recorded, is one 
observed by Hipparehtu, 125 B.C., the disappearance of which is 
said to have led that astronomer to make his celebrated catalogae 
of the fixed stars ; a work which has proved in modem times of 
;great value and interest. In the 389th year of our era, a star 
blazed forth near a AquiUe, which shone for three weeks, ap- 
pearing as splendid as the planet Yenus, after which it disap- 
peared and has never since been seen. In the years 945, 1264, 
tfid 1572, brilliant stars appeared between the constellations of 
C^hew and Cassiopeia. The accounts of the positions of these 
objects are obscure and uncertain, but the intervals between the 
epochs of their appearances being nearly equal, it has been con- 
jectured that they were successive returns of the same periodic 
atar, the period of which is about 300 years, or possibly half that 
interval. 

The appearance of the star of 1572 was very remarkable, and 
having been witnessed by the most eminent astronomers of that 
day, the account of it may be considered to be well entitled to 
oonfidenoe. Tycho Brahe, happening to be on his return on the 
ovening of the 11th November f^om his laboratory to his dwelling- 
house, found a crowd of peasants gazing at a star which he was 
«ure did not exist half an hour before. This was the temporary 
«tar of 1572, which was then as bright as the dog-star, and conti- 
nued to increase in splendour until it surpassed Jupiter when that 
planet is most brilliant, and finally it attained such a lustre, that 
it was visible at mid-day. It began to diminish in December, and 
altogether disappeared in March, 1574. 

On the 10th October, 1604, a splendid star suddenly burst 
put in the constellation of Serpentarius, which was as bright as 
that of 1572. It continued visible till October, 1605, when it 
vanished. 

46. A star of the fifth magnitude, easily visible to the naked 
•eye, was seen by Mr. Hind in the constellation of Ophiuchus, on 
the night of the 28th April, 1848. From the perfect acquaint- 
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ance of that observer with the region of the fiimaxaent in which 
he saw it, he was quite certain that, previous to the 5th April, 
no star brighter than those of the ninth magnitude had been 
there, nor is there any star in the catalogues at all corresponding 
to that which he saw there on the 28th. This star continued to 
be seen until the advance of the season and its low altitude 
rendered it impossible to be observed. It, however, constaatly 
diminished in lustre xmtil it disappeared, and has not since been 



. 47. To the class of temporary stars may be referred the cases 
of numerous stars which have disappeared from the firmament. 
On a careful examination of the heavens, and a comparison of the 
objects observed with former catalogues, and of catalogues ancient 
and modem with each other, many stars formerly known are now 
ascertained to be missing ; and although, as Sir John Herschel 
observes, there is no doubt that in many instances these apparent 
losses have proceeded from mistaken entries, yet it is equally 
certain that in numerous cases there can have been no mistake 
in the observation or the entry, and that the star has really existed 
at a former ^poch, and certainly has since disappeared. 

When we consider the vast length of many of the periods of 
astronomical phenomena, it is fax from being improbable that 
these phenomena, which seem to be occasional, accidental, and 
springing from the operation of no regular physical causes, such 
as those indicated by the class of variable stars first considered, 
may after all be periodic stars of the same kind, whose appear- 
ances and disappearances are brought about by similar causes. 
All that can be certainly known respecting them is, that they have 
appeared or disappeared once in that brief period of time within 
which astronomical observations have been made and recorded. 
If they be periodic stars, the length of whose period exceeds that 
interval, their changes could only have been once exhibited to us, 
and after ages have rolled away, and time has converted the 
fature into the past, astronomers may witness the next occur- 
rence of their phases, and discover that to be regular, harmo- 
nious, and periodic, which appears to us accidental, occasional, and 
anomalous. 

DOTTBLE STABS. 

When the stars are examined individually by telescopes of a 
certain power, it is foimd that many which to the naked eye 
appear to be single stars, are in reality two stars placed so 
close together that they appear as one. These are called double 
stars, 

48. A very limited number of these objects had been discovered 
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before the telescope had received the vast accession of power 
which was given to it by the labour and genius of Sir William 
Hersohel. That astronomer observed and catalogued 500 double 
stars ; and subsequent observers, among whom his son, Sir John 
Herschel, holds the foremost place, have augmented the number 
to 6000. 

49. The close apparent juxta-position of two stars in the firma- 
ment is a phenomenon which might be easily explained, and which 
could create no surprise. Such an appearance would be produced 
by the accidental circumstance of the lines of direction of the two 
stars as seen from the earth, forming a very small angle, in which 
case, although the two stars might in reality be as far removed 
from each other as any stars in the heavens, they would never- 
theless appear close together. The fig. 5 will render this easily 
understood. Let a and b be the two stars seen from c. The star 



Pig. 5. 




a will be seen relatively to 5, as if it were at d, and the two 
Objects will seem to be in close juxta-position ; and if the angle 
under the lines c a and c 6 be less than the sum of the apparent 
semi-diameters of the stars, they would actually appear to 
touch. 

50. If such objects were few in number, this mode of explaining 
them might be admitted ; and such may, in fact, be the cause of 
the phenomenon in some instances. The chances against such 
proximity of the lines of direction are however so great as to be 
utterly incompatible with the vast number of double stars that 
have been discovered, even were there not, as there is, other con- 
clusive proof that this proximity and companionship is neither 
accidental nor merely apparent, but that the connection is real, 
and that the objects are united by a physical bond analogous to 
that which attaches the planets to the sun. 

But apart from the proofs of real proximity which exist respect-^ 
ing many of the double stars, and which will presently be ex- 
plained, it has been shown that the probability against mere 
optical juxta-position such as that described above is almost 
infinite. Professor Struve has shown that, taking the number of 
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stars whose existence has been ascertained by observation down to 
the 7th magnitude inclusiye, and supposing them to be scattered 
fortuitously over the entire firmament, the chances against any 
two of them having a position so close to each other as 4" would be 
9570 to 1. But when this calculation was made, considerably 
more than 100 cases of such duple juxta-positionwere ascertained 
to exist. The same astronomer also calculated that the chances 
against a third star falling within 32" of the first twd would be 
173524 to 1 ; yet the firmament presents at least four such triple 
combinations. 

Among the most striking examples of double stars maybe men- 
tioned the bright star Castor, which, when sufficiently magnified, 
is proved to consist of two stars between the third and fourth mag- 
nitudes, within five seconds of each other. . There are many, how- 
ever, which are separated by intervals less than one second; 
such, as e Arietis, Atlas Pleiadum^ y Cororue^ 17 and ( Her cults , 
.and r and \ Ophiuchi, 

51. Another argument against the stipposition of mere fortuitous 
optical juxta-position, unattended by any physical connection, is 
derived from a circumstance which ^dll be fully explained here- 
after. Certain stars have been ascertained to have a proper 
motion, that is, a motion exclusively belonging to each individual 
star, in which the stars around it do not participate. Now, some 
of the double stars have such a motion. If one individual of the 
pair were affected by a proper motion, in which the other does not 
participate, their separation at some subsequent epoch would 
become inevitable, since one would necessarily move away from 
the other. Now, no such separation has in any instance been 
witnessed. It follows, therefore, that the proper motbn of one 
equally affects the other, and consequently, that their juxta-posi- 
tion is real and not merely optical. 

52. The systematic observation of double stars, and their reduc- 
tion to a catalogue with individual descriptions, commenced by 
Sir W. Herschel, has been continued with great activity and suc- 
cess by Sir J. Herschel, Sir J. South, and Professor Struve, so that 
the number of these objects now known, as to character and posi- 
tion, amounts to several thousand, the individuals of each pair 
being less than 32" asunder. They have been classed by Profes- 
sor Struve according to their distances asunder, the first class 
being separated by a distance not exceeding 1'', the second 
between 1" and 2", the third between 2* and 4", the fourth between 
4" and 8", the fifth between 8" and 12", the sixth between 12" and 
16", the seventh between 16" and 24", and the eighth between 24* 
and 32". 

53. The doubljs stars in the following table have been selected 
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by Sir J. Henbhel from Stauye's catalogne, as remarkable exam- 
ples of each daas well adapted for observation by amateurs, ib 
may be disposed to try by them the effioiency of telescopes. 



0" to 1". 


1" to 2". 


2" to 4". 


4" to 8". 


7 GoroiueBor. 


7 Circini. 


a Piscinm. 


a Cnids. 


y Oentsuri. 


a CygnL 


/3 Hydne. 


a Hercnlis. 


7 Lnpi. 


c Chamaleontis. 


7 Ceti. 


a (lemin. 


c Arietis. 


CBootis. 


7 Leonis. 


8 Gemin. 


C HeixmliB. 


1 Caasiopei». 


7 Cor. Ans. 


i Cor. Bor. 


i| CoroDie. 


i 2Cancri. 


7 Virginis. 


9 Phienids. 


i| Hercdis. 


1 Ursa) maj. 




IC Cephei. 


\ CMdopeifle: 


ir A<{iiils. 


« Bootis. 


A Ononis. 


A Ophiuehi. 


<r Coro. Bor. 


c Draconis. 


/* Cygni. 1 


It Lap. 


2Gamelopar. 


c Hydra. 


( Bootis. 


1} Ophinchi. 


32 Ononis. 


i Aqnarii. 


{ CepheL 


^ DncoDis. 


52 Orionis. 


C Orionis. ' 


» Bootis. 


^ UrsaB maj. 




« Leonis. 


p Capricor. 


X Aqnilte. 




1 Triangnli. 


V Aigns. 


« Leonis. 




K Leporis. 


• Anrigse. 


Atlas Pleiad. 




/A Draconis. 


ft Eridani. 


4Aqi]arii. 




M Canis. 


70 OphinchL 


42 Corns. 




p He];palis. 


12Bridam. 


62 Arietifl. 




0- Casdopeiee. 


32 Eridani. 


eePiflciiim. 




44 Bootis. 


44Hercali8. 


8" to 12". 


12" to 16". 


16" to 24". 


21" to 82". 


iS Orionis. 


a Centanri. 


a Can. Ven. 


I HercnliA 


7 Arietis. 


iB Cephei. 


c Nonuie. 


1? Lyne. 


7 Delphini. 


^ Scorpii. 


C Pisciom. 


f Cancri. 


f AntUaPn. 


7 Volantis. 


Serpentis. 


fc Herculis. 


1) Cassiopeiee. 


•n Lnpi. 


ic Cor. AuB. 


K Cephei. 


a Eridani. 


i Ursa maj. 


K Tauri. 


^ Draconis. 


1 Ononis. 


IT Bootis. 


24 Come. 


«c Cygni. 


f Eridani. 


8 Monocerotis. 


41 Draconis. . 


23 Orionis. 


2 Can. Ven. 


61 Cygni. 


61 Ophinchi. 





54. One of the characters observed among^ the double stars i^ 
the frequent occurrence of stars of di£ferent colour^ found together. 
Sometimes these colours are complementary; and when this occurs, 
it is possible that thp fainter of the two may be a white star, wW 
appears to have the colour complementary to that of the inor^ 
brUliant, in consequence of a well-understood law of vision, of 
which the retina being highly excited by light of a particular 
colour is rendered insensible to less intense light of the same 
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colour, 80 that the oomplement of the whole light of the fainter 
star &id8 the retina more sensible than that part which is iden- 
tical in colour with^the brighter star, and the impression of the 
complementary ooloor aooordinglj prevails. In many cases, how- 
ever, the difference of colour of tiie two stars is real. 

Wheii the colours are complementary, the more brilliant star is 
generally of a bright red or orange colour, the smaller appearing 
blueish or greenish. The double stars i Cancri and y AndromachsB 
are examples of this. According to Sir J. Herschel, iosulated stars 
of a red colour, some almost blood-red, occur in many parts of the 
heavens ; but no example has been met with of a decidedly green 
or blue star unassociated with a much brighter companion. 

55. When telescopes of the greatest efficiency are directed upon 
some stars, which to more ordinary instruments appear only double, 
they prove to consist of three or more stars. In some cases one 
of the two companions only is double, so that the entire com- 
bination is triple. In others, both are double, the whole being, 
therefore, a quadruple star. An example of this latter class is 
presented by the star c LyrtB. Sometimes the third star is much 
smaller than the principal ones, for example, in the cases 
of C Cancri, ( Scorpii, 11 MonocerotiB, and 12 Lyncis. In others, 
as in Orionis, the four component stars are all conspicuous. 

66. When the attention of astronomers was first attracted to 
double stars, it was thought they would afford a most promising 
means of determining the annual parallax, and thereby discovering 
the distance of the stars. If we suppose the two individuals com- 
posing a double atar, being situate very nearly in the same direc- 
tion as seen from the earth, to be at very different distances, it 
might be expected that their apparent relative position would vary 
at different seasons of the year, by reason of the change of position 
of the earth. 

Let ▲ and b, fig. 6, represent the two individuals composing a 
double star. Let c and d represent two positions of the earth in 
its annual orbit, separated by an interval of half a year, and placed 
therefore on opposite sides of the sun s. When viewed from c, 
the star b will be to the left of the star a ; and when viewed from 
D, it will be to the right of it. During the intermediate six 
months the relative change of position would gradually be effected; 
and the one star would thus appear either to revolve annually 
round the other, or would oscillate semi-annually from side to side 
of the other. The extent of its play compared with the diameter 
c D of the earth's orbit, would supply the data necessary to deter- 
mine the proportion which the distance of the stars would bear to 
that diameter. 

The great problem of the stellar parallax seemed thus to be 
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redooed to the meastcremeiit of the sm^XL interval between the 
indiyidnals of double stars ; and it happened fortnnojlbely, that the 
Pig. e. micrometers used in astrononiioal InstnimentB 

were capable of measuring these minute angles 
with much greater relatiye accuracy than could 
be attained in the observations on greater angular 
distances. To these advantages were added the 
absence of all possible errors arising from refrac- 
tion, errors incidental to the graduation of install- 
ments, from uncertainty of levels and pkmib- 
lines, from all estimations of aberration and 
precession; in a word from all effects whic^ 
equally affecting both the individual stara ob- 
served, could not interfere with the results of 
the observations, whatever they might be. 

67. These considerations raised great hopes 
among astronomers, that the means were in their 
hands to resolve finally the great problem of the 
stellar parallax, and Sir William Herschel accord- 
ingly engaged, with all his characteristic ardour 
and sagacity, in an extensive series of observations 
on the numerous double stars, for the original 
discovery of which science was already so deeply 
indebted to his labours. He had not, however, proceeded far in 
his researches, when phenomena unfolded themselves before him, 
indicating a discovery of a much higher order and interest than 
that of the parallax which he sought. He foimd that the relative 
position of the individuals of many of the double stars which he 
examined were subject to a change, but that the period of this 
change had no relr.tion to the period of the earth's motion. It is 
evident that whatever appearances can proceed from the earth's 
annual motion, must be not only periodic and regular, but mast 
pass annually through the same series of phases, always showing 
the same phase on each return of the same epoch of the sidereal 
year. In the changes of position which Sir William Herschel 
observed in the double stars, no such series of phases presented 
themselves. Periods, it is tame, were soon developed ; but these 
periods were regulated by intervals which neither agreed with 
each other nor with the earth's annual motion. 
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CHAPTBB IV. 

58. His discoyery of binary stars. — 59. Qravitation of the stars. — 60. 
Star moving round star. — 61. Table of binary stars. — 62. Case of 
7Virginis.— -63. System reyolving round system. Propbb motion of 
Stabs : 64. The sun not a fixed centre.— -65. Phenomena indicating 
its motion. — 66. Direction of the sun's motion. — ^67. Its velocity. — 
68. Its probable centre. The fobm and dimbhsiohs of the xass of 
STARS WHICH COMPOSE THE FIRMAMENT : 69. Distribution of the stars 
on the firmament. — 70. Galactic circle and poles. — 71. Variation of 
stellar denraty. — 72. Stmve's analysis of Herschers observations. — 
78. The milky way. — 74. It consists of innumeraUe stars crowded 
together. — 75. Probable form of the stratum of stars in which the 
sun is placed. 

58. Some other explanation of the phenomena must, theTofore, 
be sought for ; and the illustrions observer soon arrived at the 
conclnsion, that these apparent changes of position were due to 
real motions in the stars themselves; that these stars, in fact, 
moved in proper orbits in the same manner as the planets moved 
around the sun. The slowness of the succession of changes which 

• See note, p. 193, vol. vii. 

Labdmbe'8 Museum of Soibhci. b 1 
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were observed, rendered it necessary to watdi tiieir pragress &r a 
long period of time before their motions conld be certainly or 
accurately known; and accordingly, althongb these researches 
were commenced in 1778, it was not nntil the year 1803 that the 
observer had collected data sufficient to justify any positiye con- 
dmdon respecting their orbital motions. In that and tihe following 
year, Sir William Herschel announced to the Boyal Society, in 
two memorable papers read before that body, that there exist 
sidereal systems consisting of two stars revolving about each other 
in regular orbits, and constituting what he called binary stars, to 
distinguish them irom double stars, generally so called, in which 
no such periodic change of position is discoverable. Both the 
individuals of a binary star are at the same distance from the eye 
in the same sense in which the planet Uranus and its attendant 
satellites are said to be at the same distance. 

More recent observation has fully confirmed these remarkable 
discoveries. In 1841, Madler published a catalogue of upwards 
of 100 stars of this class, and every year augments their number. 
These stars require the best telescopes for their observation, being 
generally so close as to render the use of very high magnifying 
powers indispensable. 

59. The moment the revolution of one star round another was 
ascertained, the idea of the possible extension of the great prin- 
ciple of gravitation to these remote regions of the universe 
naturally suggested itself. Newton has proved in his Prific^, 
that if a body revolve in an ellipse by an attractive force directed 
to the focus, that force will vary according to the law which 
characterises gravitation. Thus an elliptical orbit became &test of 
the presence and sway of the law of gravitation. If, then, it could 
be ascertained that the orbjLts of the double stars were ellipses, we 
should at once arrive at the fact that the law of which the dis- 
covery conferred such celebrity on the name of Newton, is not 
confined to the solar system, but prevails throughout the universe. 

60. The first distinct system of calculation by which the true 
elliptio elements of the orbit of a binary star were ascertained, 
was supplied in 1830, by M. Savary, who showed that the motion 
of one of the most remarkable of these stars (( Ursea majorxs), 
indicated an elliptic orbit described in 58^ years. Professor 
Enck6, by another process, arrived at the fact that the star 60 
Ophiuchi moved in an ellipse with a period of 74 years. Several 
other orbits were ascertained and computed by Sir John herschel, 
MM. Madler, Hind, Smyth, and others. 

61. The following Table is given by Sir J. Herschel, as con- 
taining the principal residts of observation in this part of stellar 
astronomy up to 1860. 

2 .. , . 



BINARY STABS. 



If 



I I 






lAHUi 









O to »^ *^ «*» ^VO OOVO r^MOO tvtoroO^O OOQ O O 
OS to ro tv^o « g^^O t^ « tv (^ rl so U c*> bvNO *0 rt w 
00 00 00 00 00 po 00 ts.00 OO 00 c 



00 00 00 00 00 c 



0\\0 00 00 00 OO 



-araaj. ti| po)j9 j 



OO \0 O e« O ^ ro 
NO ■* ►N vo (4 vo m'_ 

M rooo ooOMMrobr*^ Ke 

en <<^ *rt lONO NO 00 f^OO 9V ON M 



M C«nOO C^ M C^ i-i NO M H ^00 ts. 5 



H C« M 00 NO ON I 

"T r*> ro o CO ^ » 
ei NO NO ts.NO 



*1Z0f)'B1Z|pXlI 



t^ «>. ^ c« d ^ '*• 






fi MNO w ^O *rttr%ir% H t" Q rocoi^tvNO ^^Ovc 
NO NO NO ro ro rooo el ^ ^ m O ^ ^^ 9nOO »ono no ( 



JO VOt^fSO j 



*^9pfqneox3 



»ONO 

r 



OOOoor^OOeo^txrio*^OoeoOi 

^ r^ »o ro o 1*^00 NO r^vo w-> h e< *o i^no 

!>. ^NO tN. en «> O ^O en OS enNO Onoo r* C " 



en O 1*^00 NO r^vo no ei e< *o i^nx. 
«^ .-. en O ^O f*i 0\ enNO Onoo C^ O On no O O 

t^ M ^ enNO ♦^OnO t>-w->Os*ONe« <^w-» 

en rt ;*• p ^\p ^ 2^ ^ yr jONp op t^ t^ rt *0 r^op jtn 

b b b b b b b b b b b b b b b b b b b b b 



•Bixw-nno9 
^aonddy 



O\oo e< t>«oo (»« t^oo riHtoOMONOoo 
oooo OWOI^M «oc4 Onon »ono m oo 00 ^ 
M o e< 00 el •'i-oo en en m e« »ooo no o 



M Q OO ^00 O 

8 ^ On«-i O 
tn OS M el >/) 



tel O ^^^M O M cnoo tvNO en NO tn >/> 



I 




i . 






« el eV^" ^ 4" »^^* ^ ^' t^oo 6\6 *^ 1^ *i^- «f eJ en ^^ 



B 2 



8 



THJfi STBLLAB UNIY£BS£. 

The elements Noe. 1, 2, S, 4 c, 5, 6 c, 7, 11 h, 12 «» are extracied 
fix>m M. Madler^B synoptic yiew of the histoiy of double stars, in toL ix. 
of the Dorpat Observations : 4 a, from the Gonnoiss. des Temps, 1830 : 
4 b^ 6 b, and 11 a^ from vol. r. Trans. Astron. Soc Lond. : 6 a, from 
Berlin Ephemeris, 1832 : No. 8. from Trans. Astron. Soc. yoL tI. : 
No. 9, 11 c, 12 b, and 18 from Notices of the Astronomical Sodety, 
ToL rii. p. 22., and viii. p. 159., and No. 10 from Sir John HerscheFs 
'* Besolts of Astronomical Obserrations, &c., at the Gape of Good Hope," 
p. 297. The 2 prefixed to No. 7 denotes the namber of the star in 
M. Strnre^s Dorpat Catalogue (Catalogvs Notus Stellamm Duplidum, &c, 
Dorpat. 1827), which contains the places for 1826 of 3112 of these 
objects. 

The "position of the node ** in col. 4, expresses the angle of position of 
the line of intersection of the plane of the orbit, with the plane of the 
heavens on which it is seen projected. The "inclination*' in ooL 6, is 
the inclination of these two planes to one another. Col. 5, shows the an^e 
actually included in the pUme of the orbit, between the line of nodes 
(defined as above) and the line of apsides. The elements assigned in this 
table to w Leonis, { Bootis, and Castor must be considered as very doubtiiil, 
and the same may perhaps be said of those ascribed to fi 2 Bootis, which 
rest on too small an arc of the orbit^ and that too imperfectly observed, to 
afford a secure basis of calculation. 

62. The most remarkable of these, according to 8ir John 
Herschel, is y Virginia ; not only on account of the length of its 
period, but by reason also of the great diminution of apparent 
dbtanoe and rapid increase of angular motion about each other, of 
the individuals composing it. It is a bright star of the fourth 
magnitude, and its component stars are almost exactly equal. 
It has been known to consist of two stars since the beghining of 
the eighteenth century, their distance being then between six and 
seyen seconds ; so that any tolerably good telescope would resolve 
it. Since that time they have been constantly approaching, and 
are at present hardly more than a single second asunder ; so that 
no telescope that is not of very superior quality, is competent to 
show them otherwise than as a single star somewhat lengthened in 
one direction. It fortunately happens that Bradley, in 1718, 
noticed and recorded, in the margin of one of his observation- 
books, the apparent direction of their line of junction as being 
parallel to that of two remarkable stars a and 8 of the same con- 
stellation, as seen by the naked eye. They are entered also as 
distinct stars in Mayer's catalogue ; and this affords also another 
means of recovering their relative situation at the date of his 
observations, which were made about the year 1756. Without 
particularising individual measurements, which will he found in 
their proper repositories, it will suffice to remark, that their whole 
series is represented by an ellipse. 

63. To understand the • curious effects which must attend the 
case of a lesser sun with its attendant planets revolving round a 



BINARY STARS. 

greater, let the larger Bon with its planets be represented at s. 
fig. 7, in the foons of an ellipse, in which the lessor son accompanied 
by its planets moves. At ▲ Y^^ 7 

this latter snn is in its peri- ' 
helion, and nearest to the 
greater son s. Moying in 
its periodical course to b, it 
is at its mean distance firom 
the sun 8. At d it is at 
aphelion, or its most distant 
point, and finally returns 
' through c to its perihelion 
A. The sun s, because of 
its yast distance from the 
system A, would appear to th e 
inhabitants of the planets of 
the system a much smaller 
than their proper sun ; but, 
on the other hand, this efieot 
of distance would be to a 
certain extent compensated 
by its greatly superior mag- 
nitude ; for analogy justifies 
the inference that the sun s 
is greater than the sun a in 
a proportion equal to that of 
the magnitude of our sun 
to one of the planets. The 
inhabitants of the planets of 
the system a will then behold 
the spectacle of two suna in their firmament. The annual motion 
of one of these suns will be determined by the motion of the 
planet itself in its orbit, but that of the other and more distant 
sun will be determined by the period of the lesser sun around the 
greater in the orbit a b d c. The rotation of the planets on their 
axes will produce two days of equal length, but not commencing 
or ending simultaneously. There will be in general two sunrises 
and two sunsets ! When a planet is situate in the part of its 
orbit between the two suns, there will be no night. The two suns 
will then be placed exactly as our sun and moon are placed when 
the moon is fhll. When the one sun sets, the other will rise ; and 
when the one rises the other will set. There will be, therefore, 
continual day. On the other hand, when a planet is at such a 
part of its orbit that both suns lie in nearly the same direction as 
seen from it, both suns will rise and both will set together. There 
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will then be the oidinary alteni&tioiL^of day and ni^^t as on Ihe 
earth, but the day will havenunre than the nsnal Bpkndour, being 
enlightened by two suns. 

In all intermediate aeasons the two Bona will rise aaid set at 
different times. During a part of the day both will be. seen at 
onoe in the heavens, occupying different places, and reaching the 
meridian at different times. There will be two noons. In the 
morning for some time, more or less, according to the season of 
. the year, one sun only will be apparent, and in Uke manner, in 
the evening, the sun which first rose will be the first to set) leaving 
the dominion of the heavens to its splendid companion. 

The diurnal and annual ph^omena incidental to the planets 
attending the central sun s will not be materially different, except 
that to them the two suns w£il have extremely different magni- 
tudes, and will afford proportionally different degrees of light 
The lesser sun will appear much sxnaller, both on account of its 
really inferior magnitude, and its vastly greater distance. ; The 
two days, therefore, whpn they ocour^ will be of very different 
splendour, one being probably as much brighter than Ihe other as 
the light of noonday is to that of ftill pioonlight, or to that of the 
morning or evening twilight. 

But these singular vicissitudes of light will become still more 
striking, when the two suns diffuse light of different colours. 
Let us examine the very common case of the combination of a 
crimson with a hlue sun. In general, they will rise at different 
times. When the blue rises, it will for a time preside alone in 
the heavens, diffiising a blue morning. I1;s crimson companioni 
however, soon appearing, the lights of both being blended, a 
white day will follow. As evening approaches, and the two orbs 
descend toward the western horizon, the blue sun will first set, 
leaving the crimson one alone in the heavens. Thus a ruddy 
evening closes this curious succession of varying lights. As the 
year rolls on, these changes will be varied in every conceivable 
manner. At those seasons when the suns are on opposite sides of 
a planet, crimson and blue days will alternate, without any inter- 
vening night; and at the intermediate epochs all the various 
intervals of rising and setting of the two suns will be exhibited. 

PEOPER MOTION OP THE STARS. 

In common parlance the stars are said to \iQ fixed. They have 
received this epithet to distinguish them from the planets, the sun, 
and the moon, aU of which constantiy undergo changes of appa- 
rent position on the surfaee of the heavens. The stars, on the 
contrary, so far as the powers of the eye unaided by art can 
discover, never change their relative position in the firmamenti 
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whioh seems to be oarried roond us by the diurnal motion of the 
sphere, just as if the stars were attached to it, and merely shared 
in its apparent motion. 

Bat the stars, though subject to no motion perceptible to the 
naked eye, are not absolutely iixed. When the place of a star on 
the heavens is exactiy observed by means of good astronomical 
instruments, it is found to be subject to a change from month to 
month and from year to year, small indeed, but still easily observed 
and certainly ascertained. 

64. It has been demonstrated by Laplace, that a system of 
bodies, such as the solar system, placed in space and submitted 
to no other continued force except the reciprocal attractions 
of the bodies which compose it, must either have its 9ommon centre 
of gravity stationary or in a state of uniform rectilinear motion. 

The chances against the conditions which would render the sun 
stationary, compared with those which would give it a motion 
in some direction with some velocity, are so numerous that we 
ioiay pronounce it to be morally certain that our system is in 
motion in some determinate direction through the universe. Now, 
if we suppose the. sun attended by the planets to be thus moved 
through space in any direction, i^ observer placed on the earth 
would see the effects of such a motion, as a spectator in a steam- 
boat moving on a river would perceive his progressive motion on 
the stream by an apparent motion of the banks in a contrary 
direction. The observer on the earth would, therefore, detect such 
a motion of the solar system through space by the apparent motion 
in the contrary direction with which the stars would be affected. 

65. Such a motion of the solar system would affect different 
stars differentiy. All would, it is true, appear to be affected by 
a contrary motion, but all would not be equally affected. The 
nearest would appear to have the most perceptible motion, the 
more remote would be affected in a less degree, and some might, 
from their extreme distance, be so slightly affected as not to 
exhibit any apparent change of place, even when examined with 
the most delicate instruments. To whatever degree each star 
might be affected, all the changes of position would, however, 
apparentiy take place in the same direction. 

The apparent effects would also be exhibited in another manner. 
The stars in that region of the universe toward which the motion 
of the system is directed, would appear to recede from each other. 
The spaces which separate them would seem to be gradually 
augmented, while, on the contrary, the stars in the opposite 
quarter woidd seem to be crowded more closely together, the 
distances between star and star being gradually diminished. 
This will be more clearly comprehended by &g, 8. 

7 



THE STELLAR UKIYERSE. 



Let the line 8 s' represent the direction of the motion of the 
system, and let s and s' represent its positions at any two epochs. 
At 8^ the stars A B c would he separated by intervals measured 




by the angles a 8 b, and b s c, while at s' they would appear 
separated by the lesser angles a s' b, and b s^ c. Seen from 8\ 
the stars ab c would seem to be closer together than they were 
when seen from s. For like reasons, the stars ah c, towards 
which the system is here supposed to move, would seem to be 
closer together when seen from s, than when seen from s'. Thus, 
in the quarter of the heayens towards which the system is moying, 
the stars might be expected to separate gradusdly, while in the 
opposite quarter they would become more condensed. In all the 
intermediEite parts of the heayens they would be affected by a 
motion contrary to that of the solar system. Such, in general, 
would be the effects of a progressiye motion of our system. 

66. Although no general effect of this kind has been manifested 
in any conspicuous manner among the fixed stars, many of these 
objects haye been found, in long periods of time, to haye shifted 
their position in a yery sensible degree. Thus, for example, the 
three stars, Sirius, Arcturus, and Aldebaran, haye undergone, 
since the timo of Hipparchus (130 b.c), a change of position 
southwards, amounting to considerably more than half a degree. 
The double star 61 Cygni has, in half a century, moyed through 
nearly 4*3', the two stars composing it being carried along in 
parallel lines with a common yelocity. The stars c Indi and ft 
CassiopeieB moye at the rate of 7*74'' and 3'74'' annually. 

Yarious attempts haye been made to render these and other 
like changes of apparent position of the &ced stars compatible 
with some assumed motion of the sun. Sir W. Herschel, in 
1783, reasoning upon the proper motions which had then been 
obseryed, arriyed at the conclusion, that such appearances might 
be explained by supposing that the sun has a motion directed to a 
point near the star A Herculis. About the same time, Preyost 
came to a like conclusion, assigning, howeyer, the direction of the 
supposed motion to a point differing by 27" from that indicated hy 
Sir "W. Herschel. 

Since that epoch, the proper motions of the stars haye been 
8 
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more extensively and aeonrately obsenred, and calculations of the 
motions of the sim which thej indicate, have been made by 
several astronomers. The following points have been assigned as 
the direction of the solar motion in 1790 :— 



B. A., 


V. p. p. 




a6o' 34' ... 


... 63' 43' ... 


... Sir W. Herschel 


256^25' ... 


... 51:23' ... 


Argelander. 


255° 10' ... 


... 51° 26' ... 


... >> 


261" 11' ... 


... 59: *' ... 


»» 


252° 53' ... 


... 75° 34' ... 


Luhndahl. 


261° 22' ... 


... 62° 24' ... 


... OttoStruve. 



The first estimate of Argelander was made from the proper motions 
of 21 stars, each of which has an annual motion greater than 1" ; 
the second from 50 stars having annual proper motions between 1" 
and 0'5"f and the third from those of 319 stars having motions 
between 0*5" and 0*1". The estimate of M. Luhndahl is based on 
the motions of 147 stars, and that of M. Struve on 392 stars. 

The mean of all these estimates * is a point whose right ascen- 
sion is 259** 9', and north polar distance 55** 23', which it will be 
seen differs very little from the point originally assigned by Sir 
W. Herschel. 

All the preceding calculations being based on- observations, 
made on stars in the northern hemisphere, it was obviously 
desirable that similar estimates should be made from the observed 
proper motions of southern stars. Mr. Galloway undertook and 
executed these calculations ; and found that the southern stars 
gave the direction of the solar motion for 1 790, to be towards a point 
whose right ascension is 260"* 1', and north polar distance 66° 37'. 

No doubt, therefore, can remain that the proper motion of the 
stars is produced by a real motion of the solar system, and that the 
direction of this motion in 1790 was towards a point of space which 
seen from the then position of the system had the right ascension 
of about 260**, and tiie north polar distance of about 55^ 

67. It follows f^m these calculations, that the ayerage dis- 
placement of the stars requires that the motion of tho sun should 
be such as that if its direction were at right angles to a visual 
ray, drawn from a star of the first magnitude of aycsago distance, 
its apparent annual motion would be 0*3392"; and taking the 
average parallax of such a star at 0*209", if t> express the 
semi-axis of the earth's orbit, the annual motion of the sun 
would be 



2j^XD= 1-623 D. 
* Herschel, Ast., 2nd Ed., p. 583. 
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It I6D0W8 therefore, that the anmial motum of the son would be 

1*623 X 95,000000= 154,200000 miles ; 
and the daily motion 

154,200000 ^^-^^ ., 
365i =-^22000 miles; 

a veloeily equal to something more than the fourth of the earth's 
orbital motion. 

68. The motion of the snn, whioh has been oomputed in what 
precedes, is that whioh it had at a particular epoch. No account 
is taken of the possible or probable changes of direetion of such 
motion. To suppose that the solar system should move con- 
tinuously in one and the same direction, would be equivalent to 
the supposition that no body or collection of bodies in the universe 
would exercise any attraction upon it. It is obviously more 
•consistent with probability and analogy, that the motion of the 
system is orbital, that is to say, that it revolves round some 
remote centre of attraction, and that the direction of its motion 
must continually change, although such change, owing to the 
great magnitude of its orbit, and the relative slowness of its 
motion, be so very slow as to be quite imperceptible within even 
the longest interval over which astronomical records extend. 

Attempts have, nevertheless, been made to determine the 
centre of the solar motion; and Dr. Madler has thrown out a 
surmise that it lies at a point in or near the small constellation 
of the Pleiades. 

This and like speculations must, however, be regarded as 
•coigectural for the present. 

THE POBM Am) DIHEKSIOKS OF THE HASS OF STABS WHICH 
COMPOSE THE VISIBLE FIBHAMENT. 

69. The aspect of the firmament might, at first, impress the 
mind of an observer with the idea that the numerous stars scat- 
i»red over it are destitute of any law or regularity of arrange- 
ment, and that their distribution is like the fortuitous position 
which objects casually fiung upon such a surface might be 
imagined to assume. If, however, the different regions of the 
heavens be more oarefi|lly examined and compared, this first 
impression will be corrected, and it will, on the contrary, be 
found that the distribution of the stars over the surface of the 
•celestial sphere follows a distinct and well defiined law; that 
fheir density, or the number of them which is found in a given 
space of the heavens, varies regularly, increasing continually in 
•certain directions and decreasing in others. 

Sir W. Herschel submitted tiie heavens, or at least that part 
10 
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of them vhioli is observable in these latitades, to a rigo»}Ti8 
telescopic survey, cotrnting the number of individual stars visible 
in the fidd of view of a telescope of given aperture, focal length, 
and oiagnifying power, when direetod to different parts of the 
Armament. The result of this survey proved that, around two 
points of the celestial sphere diametrically opposed to each other, 
the stars are more thinly scattered than elsewhere ; that depart- 
ing from these points in any direction, the number of stars 
included in the field of view of the same telescope increases first 
slowly, but at greater distances more rapidly ; that this increase 
continues until the telescope receives a direction at right angles 
to the diameter which joins the two opposite points where the 
distribution is most sparse ; and that in this direction the stars 
are so closely crowded together that it becomes, in some cases, 
impracticable to count them. 

70. The two opposite points of the celestial sphere, around which 
the stars are observed to be most sparse, have been called the oalag- 
Tic poles ; and the great circle at right angles to the diameter 
joining these points, has been denominated the galactic oibcls. 

This circle intersects the celestial equator at two points, situate 
lO"" east of the equinoctial points, and is inclined to the equator at 
an angle of 63°, and, therefi>ie, to the ecliptic at an angle of 40**. 

In referring to and ezplainiug the distribution of the stars over 
the celestial sphere, it wiU be convenient to refer them to this circle 
and its poles, as, for other purposes, they have been referred to the 
equator and its poles. We shall, therefore, express the distance of 
d^erent points of the firmam^it from the galactic circle, in either 
hemisphere, by the terms north or south galactio latituds. 

71. The elaborate series of stellar observatioxis in the northern 
hemisphere made during a great part of his life, by Sir W. 

' Herschel, and subsequently extended and continued in the south- 
ern hemisphere by Sir J. Herschel, haa supplied data by which 
the laW'Of the distribution of the stars, according to their galactic 
latitude, has been ascertained at least with a near approximation. 
The great celestial survey executed by these eminent 
observers, was conducted upon the principle explained above. 
The telescope used for the purpose had 18 inches aperture, 20 feet 
focal length, and a magnifying power of 180. It was directed 
indiscriminately to every point of the celestial sphere visible in 
the latitude of the places of observation. 

, It was by means of a vast number of distinct observations thus 
made, that the position of the galactic poles was ascertained. 
The density of tiie stars, measured by the number included, in 
each *^ gauge" (as the field of view was called), was nearly the 
same for the same galactic latitude, (md increased in proceeding 

11 
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from the galaetio pole, Tory akmly at fizst, bat with great rapidity 
when the galaetio latatode was mveh diminiahed. 

72. An aoalyBia of the obeervataoiiB of Sir W. Henchel, in the 
northern hemisphere, was made by Professor 8traTe, with the 
▼iew of determining the mean density of the stars in snooesaiYe 
zones of gslaotio hititnde ; and a like analysis has been made of 
the observations of Sir J. Herschel, in the southern hemisphere. 

If we imagine the eelestial sphere resolyed into a suoceasbn of 
zones, each measuring 15° in breadth, and bounded by parallels 
to the galactic circle, the average number of stars included within 
a circle, whose diameter is 15', and whose magnitude, therefore^ 
would be about the fourth part of that of the disc of the sun or 
moon, will be that which is given in the second column of the 
following Table. 

Average number 
Galactic Latitude. of Stars in a circle 15' 

diameter. 

N 9o» - 75' 4-3a 

„ 75 — 6o" 5*42 

„ 6o' — 45" 8*21 

„ 45^* — 30' 13-61 

„ 3o» — 15** 24-09 

„ 15' — ©*» 53-43 

S ©• — 15' 52-06 

„ 15' — 30° . . . . . 26*29 

n 30' — 45** 13*49 

„ 45* — 60'' 9-08 

„ 6o- - 75^* 6-62 

,, 75' — 90° 6-05 

It appears, therefore, that the variation of the density of ifae 
visible stars in proceeding £rom the galactic plane, either north or 
south, is subject almost exactly to the same law of decrease, the 
density, however, at each latitude being somewhat greater in the 
southern than in the northern hemisphere. 

73. The regions of the heavens, which extend to a certain 
distance on one side and the other of the galactic plane, are 
generally so densely covered with small stars, as to present to tiie 
naked eye the appearance, not of stars crowded together, but of ; 
whitish nebulous light. This appearance extends over a vast 
extent of the celestbl sphere, deviating in some plaees from the 
exact direction of the ^aotic circle, bifdrcating and diverging 
into two branches at a certain point which afterwards reunite, and 
at other places throwing out off-shoots. This appearance was 
denominated the Via LaeUa^ or the galaxy^* by the anoieiits, 
and it has retained that name. 

The courseof themilky waymay be somuohmore easily and clearly 

* From the Greek word yiKa, ydKaieros, <<m]lk.** 
12 
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followed bj means of a map of the stairs, or a celestial globe, 
upon wbich it is delineated, that it will be needless here to 
describe it. 

74. When this nebnlous whiteness is sabmitted to telescopic 
•examination with instraments of adequate power, it proves to be a 
mass of countless numbers of stars, so small as to be indiyidually 
undistinguishable, and so crowded together as to give to the place 
they occupy the whitish appearance from which the milky way 
takes its name. 

Some idea maybe formed of the enormous number of stars 
which are crowded together in those parts of the heavens, by 
the actual numbers so distinctly vbible as to admit of being 
counted or estimated, which are stated by Sir W. Herschel to 
have been seen in spaces of given extent. He states, for example, 
that in those parts of the millcy way in which the stars were most 
thinly scatteied, he sometimes saw eighty stars in each field. In 
an hour, fifteen degrees of the firmament were carried before his 
telescope, showing successively sixty distinct fields. Allowing 
eighty stors for each of these fields, tiiere were thus exhibited, in 
a single hour, without moving the telescope, four thousand eight 
hundred distinct stars ! But by moving the instrument at the 
same time in the vertical direction, he found that in a space of 
the firmament, not more than fifteen degrees long, by four broad, 
he saw fifty thousand stars, large enough to be individually 
visible and distinctly counted ! GHie sui^rising character of thu 
result will be more adequately appreciated, if it is remembered 
that this number of stars thus seen in the space of the heavens, 
not more than thirty diameters of the moon's disc in length, and 
eight in breadth, is fifty times greater than all the stars taken 
together, which the naked eye can perceive at any one time in the 
heavens, on the most serene and imdouded night ! 

On presenting the telescope to the richer portion of the via 
lacteoy Herschel found, as might be expected, much greater num- 
bers of stars. In a single field he was able to count 588 stars ; and 
for fifteen minutes, the firmament being moved before his tele- 
scope by the diurnal motion, no diminution of number was 
apparent ; the number seen at any one time being greater than 
can be seen by the naked eye, on the entire firmament, except on 
the clearest nights. 

. 75. It may be considered as established by a bpdy of analogical 
evidence, having all the force of demonstration, that the fixed 
stars are self-luminous bodies, similar to our sun; and that 
although they may difier more or less from our sun and from each 
other in magnitude and intrinsic lustre, they have a certain ave- 
rage magnitude; and that, therefore, in the main, the great 
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differences whieh ore apparent in their brightness, is to be ascribed 
to difference of distance. Assuming, then, that they are separated 
from each other by distances analogous to their distanoes £rom the 
son, itself a star, the general phenomena which hove been 
described above, inyobdng the rapid increase of stellar density in 
approaching the galactic plane, combined with the observed form 
of the milky way, which, following the galactic plaae in its 
general course, departs nevertheless from it at some points, 
bifurcates resolving itself into two divei^ing branches at others, 
and at others throws out irregular off-shoots, conducted Sir W. 
, Herschel to the conclusion, that the stars of our firmament, in- 
'duding those which the telesoope renders visible, as well as tiiose 
' visible to the naked eye, instead of being scattered indifferently in 
all directions around the solar system through the depths of the 
universe, form a stratum of definite form and dimensions, of which 
the thickness bears a very small proportion to the length and breadth^ 
and that the sun and solar system is placed within this : atratom, 
very near its point of bifurcation, relatively to its breadth near its 
middle point, and relatively to its thickness (as would appear from 
the more recent observations) nearer to its northern th^ to ks 
southern surface. 

Let A c H D, fig. 9, represent a rough outline of a'sectkm of such, 
a stratum, made by a plane passing through or near its eentn. 




Let A B represent the intersjection of this with the plane of the: 
galactip circle, so that, z being the place of the solar system, so 
will be the direction of the north, and ;; d that of the south galac-* 
tic pole. Let zH represent the two branches which bifurcate' 
from the chief stratum at b. Now, if we imagine visual lines to 
be drawn from 2 in all direction^, it will be apparent that thoae 
z c and zd, which are directed to the galactic poles, pass through 
a thinner bed of stars than any of the others ; and since z is sup- 
posed to be nearer to the northern than to ttie southern side of 
the stratum, sc WiU-'pass 'throujgh^a less^ thickness of stars than 
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zD, As the visual lines are inclined at greater and greater angles 
to z Ay their length rapidly decreases, as is evident by comparing 
z Ay z E, and z p, which explains the fact that while the stars are 
aa thick as powder in the direction 2 A, they become less so in 
the direction z s, and still less in the direction z f, nntil at the 
poles in the directions z c and z n, they become least dense. 

On the other side, z B being less than z A, a part of the 
galactic circle is foond at which the stars are more thinly 
scattered ; but in two directions, z h intermediate between 2 B 
and the galactic poles, they again become nearly as dense as in 
the direction 2 a. 

This illustration must, however, be taken in a very general 
sense. No attempt is made to represent the various off-shoota 
and variations of length, breadth, and depth of the stratum 
measured from the position of the solar system within it, which 
have been indicated by the telescopic soundings of Sir W. 
Herschel and his illustrious son, whose wo^idroua labours hav() 
effected what promises in time, by the persevering researches of 
their successors, to become a complete analysis of this most mar- 
vellous mass of systems. Meanwhile it may be considered as 
demonstrated, that it consists of myriads of stars clustered 
together : — 

'^ A broad and ample road, whose dust is gold, 
And pATement stars, as stars to ns ap{)ear ; 
Seen in the galaxy that Milkj Way, 
lake to a circling zone powdei'd with stars." — Miltov. 

The appearance which this mass of stars would present if viewed 
from a position directly above its general plane, and at a sufficient 
distance to allow its entire outline to be discerned, was represented 
by Sir William Herschel as resembling the starry stratum sketched 
in fig. 10. i 

He considered that it was probable that the thickness of thi^ 
led of stars was equal to about eighty times the distance of the 
nearest of the fixed stars from our system ; and supposing our 
sun to be near the middle of this thickness, it would follow that 
the stars on its surface in a direction perpendicular to its general 
plane would be at the fortieth order of distance from us. The 
stars placed in the more remote edges of its length and breadth he 
estimated to be in some places at the nine-hundredth order of 
distance from us, so that its extreme length may be said to be in 
round numbers about 2000 times the distance of the nearest fixed 
stars from our system. Such a space light would take 20000 yeani 
to move over, moving all that time at the rate of nearly 200000 
miles between every two ticks of a common dock ! 
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Figs. 35, 86.— SPIRAL SEBULiE, as SHOWM BT the ORKAT B0S8E TELESCOPE. 
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CHAPTEE V. 

Stellar clusters and NEsuLiB : 76. The stars of the firmament a 
stellar cluster. — 77. Such clusters innumerable. — 78. Their distribu- 
tion on the firmament. — 79. Their constitution. — 80. Their apparent 
and real forms. — 81. Nebulae. — 82. Double nebulae. — 83. Fhuietary 
nebulae. — 84* Annular nebulae. — 85. Spiral nebulae. 



STELLAK CLirSTEES AND NEBULA. 

^6. It appears, then, that our sun is an indiyidual star, forming 
only a single unit in a cluster or mass of many millions of other 
sinular stars ; that this cluster has limited dimensions, has ascer- 
tainable length, breadth, and thickness, and, in short, forms what 
may be expressed by a universe of solar systems. The mind, still 
Lardner's Museuu or SaENOE. o 17 

No. 97. 



THE STKLLAB UNIYIRSS. 

nmiititrfiffd, is u nigent as before in its questions rogaiding the 
remainder ofimmensUy. However TBst the dimensions of this 
mass of sons be, they are nevertheless finite. Hov stupendous 
soever be the spaoe indnded within them, it is still nothing 
compared to the immensity whieb Ues outside ! Is that immensity 
avast solitude? Are its unexplored realms dark and silent? 
Has Omnipotence circumscribed its agency, and has Infinite 
Beneficence left those nnfathomed regions d^titate of evidence of 
His power ?* 

That the infinitude of space should exist without a pnrpose, 
unoccupied by any works of creation, is plainly incompatible with 
all our notions of the character and attributes of the Author of tiie 
universe, whether derived from the voice of revelation or &om the 
light of nature. We should therefore infer, even in the absence 
of direct evidence, that tome works of creation are dispersed 
through those spaces which lie beyond the limits of that vast 
stellar cluster of whicb our system is a part. I9^ay, we should be 
led, by the most obvious analogies, to conjecture that other eteUar 
clusters, like our own, are dispersed through immensity, separated 
probably by distances as much greater than those which inter- 
vene between star and star, as the latter are greater than those 
which separate the bodies of the solar system. But if such dis- 
tant clusters existed, it may be objected, that they must be visible 
to us ; that although diminished, perhaps, to mere spots on the 
firmamcDt, they would still be rendered apparent, were it only as 
confused whitish patches, by the teledcope ; that as the stars of 
the milky way assume to the naked eye the appearance of mere 
whitish nebulosity, so the far more distant stars of other clusters, 
which cannot be perceived at all by the naked eye, would, to tele- 
scopes of adequate power, present the same whitish nebulous 
appearance ; and that we might look forward without despair to 
such augmentation of the powers of the telescope as may even 
enable us to perceive them to be actual clusters of stars. 

77. Such anticipations have accordingly been realised. In 
various parts of the firmament objects are seen which, to the 
naked eye, appear like stars seen through a mist, and sometimes 
as nebulous specks, which might be, and not infrequently have been, 
mistaken for comets. With ordinary telescopes these objects are 
visible in very considerable numbers, and were observed nearly a 
century ago. In the Connatssance des Temps, for 1784, Messier, 
then so celebrated for his observations on comets, published a 
catalogue of 103 objects of this class, of many of which he gave 
drawings, with which all observers ^dio search for comets ought 
to be familiar, to avoid being misled by their resemblance to them. 
The improved powers of the telescope speedily disclosed to astro- 
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nomers the nature of these objects, which, when examined by 
sufficient magnifying powers, prove to be masses of stars clustered 
together in a mamier identical with that cluster in which our sun 
is placed. They appear as they do, mere specks of whitish light, 
because of their enormous distance. 

78. These objects are not dispersed fortuitously and indifferently 
on all parts of the heavens. They are wholly absent from some 
regions, in some rarely found, and crowded in amazing profusion 
in others. Their disposition, however, is not like that of the stars 
in general, determined by a great circle of the sphere and its 
poles. It was supposed that they showed a tendency to crowd 
towards a zone at right angles to the galactic circle, but a careful 
comparison of their position does not confirm this. According to 
Sir W. and Sir J, Herschel, the nebulaa prevail most around the 
following parts of the celestial sphere : — 

1 The North CWactic Pole. 6 Canes Venatici. 

2 Leo major. 6 Coma Berenici. 

3 Leo minor. 7 Bootes (preoedingly). 

4 Ursa major. 8 Virgo (head, wings, and shoulder). 

The parts of the heavens, on the other hand, where they are found 
in the smallest numbers, are, — 

1 Aries. 7 Draco. 

2 Taurus. 8 Hercules. 

3 Orion (head and shoulders). 9 Serpentarius (northern part). 

4 Auriga. 10 Serpens (tail). 

5 Perseus. 11. Aquila (tail). 

6 Oamelopardus. 12 Lyra. 

In the southern hemisphere their distribution is more uniform. 

79. What those objects are, and of what they severally consist, 
admits of no reasonable doubt.! So far as relates to the stellar 
clusters, their constituent parts are visible. They are, as their 
name imports, masses of stars collected together at certain points 
in the regions of space which stretch beyond the limits of our own 
cluster, and are by distance so reduced in their visual magnitude, 
that an entire cluster will appear to the naked eye, if it be visible 
at all, as a single star, and when seen with the telescope will be 
included within the limit of a single field of view. 

Different clusters exhibit their component stars seen with the 
same magnifying power more or less distinctly. Thus, for 
example, fig. 11 represents the appearance of a cluster seen with 
a powerful telescope, in which tlie stars appear like grains of 
silver powder. 

In fig. 12, on the other hand, the component stars are distinct, 
and those of fig. 13 still more so. 

2 ID 
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This may be explained either by difference of distance, or by 
the supposition that they may comdst of stars of different real 
magnitudes, and crowded more or less closely together. The 
former supposition is, however, by far the more natural and 
probable. 

The appearance of the stars composing some of the clusters is 
quite gorgeous. Sir J. Herschel says, that the cluster which 
surrounds k Crucis in the southern hemisphere, occupies the 48th 
part of a square degree, or about the tenth part of the superficial 
magnitude of the moon's disc, and consists of about 110 stars 
from the 7th magnitude downwards, eight of the more con- 
slg 11. Fig. 12. 




spiouous stars being coloured with various tints of red, green, and 
blue, so as to give to the whole the appearance of a rich piece of 
jeweUery. ^^ 

Cluster compared with clus- 
ter show all gradations of 
smallness and closeness of the 
component stars, until they 
assume the appearance of 
patches of starry powder. 
These varieties are more ob- 
viously ascribable to varying 
distances. 

Then follow those patches 
of starry light which are seen 
in so many regions of the 
heavens, and which have been 
denominated nebulee, appear- 
ing with very different degreies of magnitude and brightness. 
Telescopic views of three such are given in figs. 14, 15, and 16. 
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That these are still clusters, of which the component stars are 
indistinguishable by reason of their remoteness, there are the 



Fig. 16. 



Fig. 14. 





Fig. 16. 



strongest eyidence and most striking analogies to prove. Every 
augmentation of power and improvement of efficiency the tele- 
scope receives, augments the 
number of nebulas which are 
converted by that instrument 
into clusters. NebulsB which were 
irr^tolvable before the time of Sir 
W, Herschel, yielded in large 
numbers to the powers of the in- 
struments which that observer 
brought to bear upon them. The 
labours of Sir J. Herschel, the 
colossal telescopes constructed by 
Lord Rosse, and the erection of 
observatories in multiplied num- 
bers in climates and under skies 
more favourable to observation, 
have all tended to augment the 
number of nebulse which have been resolved, and it may be ex- 
pected that this progress will continue, the resolution of these 
objects into stellar clusters being co-extensive with the improved 
powers of the telescope and the increased number and zeal of 
observers, 

A theory was put forward to explain these objects, based upon 
views not in accordance with what has just been related. It was 
assumed hypothetically that the nebulous matter was a sort of 
luminous fluid diffused through different parts of the universe ; 
that by its aggregation on certain laws of attraction, solid lumi- 
nous masses in process of time were produced, and that these 
nebul» grew into clusters. 

It would not be compatible with the limits of this Tract, and 
the objects to which it is directed, to pursue this speculation 
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tliroTigh its consequences, to state the arguments by which it is 
supported and opposed ; and it is the less necessary to do so, seeing 
that sach an hypothesis is not needed to explain appearances whidi 
are so much more obTiously and simply explicable by the admission 
of a gradation of distances. 

80. The apparent forms of these objects are extremely various, 
and subject to most extraordinary and unexpected changes, 
according to the magnifying power under which tiiey are viewed. 
This ought, however, to excite no surprise. The telescope is an 
expedient by which a weU-defined and strongly illuminated 
optical image of a distant object is formed so close to the observer, 
that he is enabled to view it with microscopes of greater or less 
power, according to the perfection of its definition, and the inten- 
sity of its illumination. Now, it is known to all who are familiar 
with the use of the microscope, that the apparent form and 
structure of an object change in the most remarkable and unex- 
pected way when viewed with different microscopic powers. The 
blood, for example, which viewed with the naked eye, or with low 
powers, is a uniformly red fluid, appears as a pellucid liquid, 
having small red discs floating in it, when seen with h^her 
powers. Like ef^etSis are manifested in the cases of the nebnls, 
when submitted to examination with different and increasing 
magnifying powers, of which we shall presently show many 
striking examples. 

[ Stellar clusters are generally roundish or irregular patches. The 
stars which compose them are always much more densely crowded 
together, in going from the edges of the cluster towards tiie centre, 
,90 that at the centre they exhibit a perfect blaze of light. 

The apparent form is that of a section of the real form, made 
by a plane at right angles to the visual ray. If the mass had a 
motion of rotation, or any other motion by .which it would change 
this plane, so as to exhibit to the eye successively different sections 
of it, its real form could be inferred as those of the planets have 
been. But there are no discoverable indications of any such 
motion in these objects. Their real forms, therefore, can only be 
conjectured from comparing their apparent forms with tibieir 
structural appearance. 

The clusters having round apparent forms, and of which the 
stars are rapidly more dense towards the centres, are inferred to 
be either globular or spheroidal masses of stars, the greater 
apparent density in passing from the edges to the centre being 
explained by the greater thickness of the mass, in the direction 
x)f the visual line. Clusters of irregulw outline which show also 
a density increasing inwards, are also inferred, for like reasons, to 
be masses of stars, whose dimensions in the direction of the visual 
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rays correspond with their dimensions in the direction at right 
angles to those rays. 

In fig. 17 is represented a cluster observed and delineated by 
Sir J. Herschel. It is situated at about 1^° south of the celestial 
equator, and about 38|° east of the autumnal equinoctial point. 
It occupies a space on the heavens, the diameter of which is equal 
to the 300th part of that of the full moon. Sir John Herschel, 
who observed it with a reflecting telescope of nine inch aperture, 
describes its appearance as that of a most superb cluster of stars 
of the fifteenth magnitude, so condensed towards the centre as to 
become a perfect blaze of light. He compares it to a mass of fine 
luminous sand. 

Nothing can be more striking than the different appearances 
which the same objects have presented, when viewed by the 

Fig. IT. 




telescopes' of Sir John Herschel and the more powerful instruments 
constructed by the Earl of Rosse. In fig. 18 we have given the 
same cluster as it appears in one of Lord Rosse's telescopes. 

The stars which, in Sir John Herschel's instruments, are crowded 
together so as to produce a blaze of light, are completely separated 
by the telescope of Lord Rosse. 

In fig. 19 is represented an object as delineated by Sir John 
Herschel, which appears in his telescope as a fine oval nebula, the 
length of which is about the eighth, and the breadth the tenth, 
part of the moon's diameter. This nebula is situated a few 
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degrees north of the constellatioii of Orion, between it and 
Aldebaran. 

In fig. 20, the same object is delineated as shown by Lord 
Bosse's telescope. Here a still greater change of appearance is 
prodnoed than in the former case. The oval form is lost, and 
conTcrted into that which is shown in the figure. The object is 
studded with innumerable stars, which are projected upon a 
nebulous ground. This nebulous ground would most evidently 
be resolyed into stars if viewed with still higher powers. 

T'm. 18. 




81. The nebulae, properly so called, present a much greater 
variety of form than the stellar clusters. Some are circular, with 
more or less precision of outline. Some are elliptical, the oval 
outline having degrees of excentricity infinitely various, from one 
which scarcely differs from a circle, to one which is compressed 
into a form not sensibly different from a straight line. In shorty 
the minor axis of the ellipses bears all proportions to the major 
axis, until it becomes a very small fraction of the latter. 

To infer the real from the apparent forms of these objects with 
any certainty, there are no suJfficient data. But in the cases in 
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which the brightness increases rapidly towards the centre, which 
it very generally does, it may be probably conjectured that their 
forms are globular or spheroidal, for the reasons already explained 



Fig. 19. 




F.ff. 20. 



in relation to the clusters, and this becomes the more probable 
when it is considered, that these nebul» are in fact clusters, the 
stars of which are reduced to a nebulous patch by distance. 
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Nevertheless, these nebula may be strata of stars, of whieh the 
thiclmess is small compared with their other dimensions; and 
supposing their real outline to be circular, they will appear ellip- 
tical if the plane of the stratum be inclined to the visual line, and 
more or less excentrically eUiptical, according as the angle of 
inclination is more or less acute. Li cases in which the brighlness 
does not increase in a striking degree from the edges inward|^ihis 
form is more probable than the globular or the spheroidaL • \ 

NebuIaB may be conveniently classed according to their iij[jlwi iil 
form and structure ; but whatever arrangement may be a^ped, 
these objects exhibit such varieties, assume such capriciad||;^(i 
irregular forms, and undergo such strange and unes^^ted 
changes of appearance according to the increasing power 1^ the 
telescope with which they are viewed, that it will alwi^ be 
found that great numbers of them will remain unavdciably 
unclassified. 

82. Like individual stars, nebulae are found to be combined in 
pairs too frequently to be compatible with the supposition, that 
such combinations arise from the fortuitous results of the small 
obliquity of the visual rays, which causes mere optical juxta- 
position. 

In figs. 21, 22, 23, and 24, four double nebulae of this class are 
represented. 

In fig. 21, the visual line passes between them without touching 

Fig. 21. Fig. 22. 




either, and they are consequently seen completely separated 
They are in this case equal m magnitude. 

In fig. 22 they are also equal in magnitude, but the distance 
between their centres being less than their diameter, they partially 
overlav each other. 
26 



DOUBLE AND PLAKETARY NEBULA. 

In figs. 23 and 24 they are anequa], and also partly oyerlay 
each other. 

Pig. 23. Fig. 24. 




These doable nebulsB are generally circular in their apparent, 
and therefore probably globular in their real form. In some cases 
th|3y ore resolvable clusters. 

That such pairs of clusters are physically connected does not 
admit of a reasonable doubt, and it is highly probable that, like 
the binary stars, they move round each other, or round a common 
centre of attraction, although the apparent motion attending such 
revolution is rendered so slow by their immense distance that it 
can only be ascertained after the lapse of ages. 

83. Planetary Nebula, — This class of objects derive their name 
from their close resemblance to planetary discs. They are in 
general either circular or very slightly oval. In some cases the 
disc is sharply defined, in others it is hazy and nebulous at the 
odges. In some the disc shows a uniform surface, and in some 
it has ah appearance which Sir J. Herschel describes by the term 
curdled. 

There is no reason to doubt that the constitution of these objects 
is the same as that of other nebulas, and that they are in fact 
dusters of stars which by mutual proximity and vast distance are 
reduced to the form of planetary discs. 

NebulsD of this class, which are not numerous, present some 
remarkable peculiarities of appearance and colour. It has been 
already observed that, although the companion of a red individual 
of a double star appears blue or green, it is not certain that this is 
its real colour, tiie optical effect of the strong red of its near 
neighbour being such as would render a white star apparently 
blue or green, and no example of any single blue or green staor 

27 



THE STELLAR UNIYEBSE. 

has ever been witnessed. The planetary nebnlsD, however, present 
some yeiy remarkable examples of these colours. Sir J. Herschel 
indicates a beautiful instance of this, in a planetary nebula situate 
in the southern constellation of the Cross. The apparent diameter 
is 12", and the disc is nearly circular, with a well-defined outline, 
and a *^ fine and full blue colour verging somewhat upon green." 
Several other planetary nebulae are of a like colour, but more 
fSunt, 

The magnitudes of these stupendous masses of stars maybe 
conjectured from their probable distances. One of the largest, 
and therefore probably the nearest of them, is situate near the 
star $ Ursw majoris (one of the pointers). Its apparent dia- 
meter is 2' 4(r, Now, if this were only at the distance of 61 
Cygni, whose parallax is known, it would have a diameter 
equal to seven times that of the extreme limit of the solar 
system; but as it is certain that its distance must be many 
times greater, it may be conceived that its dimensions must be 
enormous. 

Li fig. 25 is represented a small nebula of this dass, drawn by 
Sir J. Herschel. It is situate near the star 8 in the constellatioB 
Hercules (n a, 11^ 45°" n p d, 66^ 53'), and is.described as having a 

Fig. 25. Kg. 26. 





perceptible disc from 1" to 1|" in diameter, surrounded by a faint 
nebula. 

In fig. 26 is another similar object, situated a little to the north 
of the constellation of Lyra (e a 19'' 40'» ir p d 39** 540. A most 
curious object. A star of the 11th magnitude, surrounded by a 
very bright and perfectly round planetary nebula of uniform 
light. Diameter in ea 3*5", perhaps a very little hazy at the 
edges. (Herschel.) 

In fig. 27 is represented another of the same class, situated in 
(b a 13" 29» N p D 107° 10 the constellation Virgo near the bright 
star Spica. Its entire diameter is 2', being the 15th of that of the 
moon, and the diameter of the bright central part 10* to 15", It 
is described as a faint large nebula losing itself quite impercep- 
tibly ; a good type of its dass. (Herschel.) 

In fig. 28 is a nebula, situate in (b a lO"* 28» N p J) 35' 36^). It 
28 



ANNULAR NEPULiE. 

is described as a bright round nebtda, forming almost a disc 15" 
diameter, surrounded by a very feeble atmosphere. (Herschel.) 

^g^' Fig.28. 





84. Annular NehuUs^ — ^A very few of the nebulaa have been 
observed to be annular. Until lately there were only four. The 
telescopes of Lord Rosse have, however, added five to the number, 
by showing that certain nebulas formerly supposed to be small 
round patches are really annular. It is extremely probable, that 
many others of the smaller class of round nebulsa will prove to be 
annular, when submitted to further examination with telescopes 
of adequate power and efficiency. 

In fig. 29 one of this class is given, the situation of which is 
(r a 8*» 47" N P D 57° 11') between the constellations of Gemini and 
Cancer. This object, drawn by Sir J. Herschel, is the annular 
nebula between /3 and y LyrsB. He estimates its diameter at 
6" '5. The annulus is oval, its longer axis being inclined at 57° to 
th^ meridian. The central vacuity is not blacky but filled with a 

Fig. 29. Pig. 30. 




nebulous light. The edges are not sharply cut off, but ill defined; 
they exhibit a curdled and confused appearance, like that of stars 
out of focus. He considers it not well represented in the drawing* 
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Fig. 30 is the same object as shown in the telescope of Lord 
Kosae. This drawing was made with the smaller telesoope, three 
feet apertore, before the great teleaeope had been erected. The 
nebnla was observed seven times in 1 848, and once in 1S49. With 
the large telescope, the central opening showed considerably more 
nebulosity than it appeared to have with the smaller instrument. 
It was also noticed, tiiat several small stars were seen around it 
with the large instrument, which did not appear with the smaller 
one, from which it was inferred that the stars seen in the dark 
opening of the ring may possibly be merely accidental, and have 
no physical relation to the nebula. In the annulus near the 
extremity of the minor axis, several minute stars were visible. 

85. Spiral Nebula. — The discovery of this class of objects, the 
most extraordinary and unexpected which modem research has 
yet disclosed in stellar astronomy, is due to Lord Rosse. Their 
general form and character may be conceived by referring to 
those represented in figs. 32 and 34. These extraordinary 

Fig. 81. 




forms are so entirely removed from all analogy with any of the 
phenomena presented either in the motions of the solar system, 
or the comets, or those of any other objects to which observation 
has been directed, that all conjecture as to the physical condition 
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of the masses of stars which could assume such forms would be 
vain. The number of instances as jet detected, in which this 
form prevails, is not great ; but it is sufficient to prove that the 
phenomenon, whatever be its cause, is the result of the operation 
of some general law. It is pretty certain, that when the same 
powerful instruments which have rendered these forms visible in 
objects which had already been so long under the scrutiny of the 
most eminent observers of the last hundred years, including Sir 
W. and Sir J. Herschel, aided by the vast telescopic powers at 
their disposition, without raising even a suspicion of their real 
form and structure, have been applied to other nebulsB, other cases 
of the same phenomenon willbe brought to light. In this point of 
view it is much to be regretted, that the telescopes of Lord Eosse 
cannot have the great advantage of being used under skies 
more favourable to stellar researches, since the discovery of such 
forms as these not only requires instruments of such power as Lord 
Eosse alone possesses at present, but also the most favourable 
atmospheric (xRiditions. 

In connection with this class of objects, and indeed with the 
nebulae generally, one of the mbst remarkable is situate (b a. 13** 
33" N p D 41' 56'); as shown in fig. 31, it was observed and drawn 
by Sir John Herschel. " This is," says that eminent astronomer, 
*''' in many respects, one of the most remarkable and interesting of 
its class, and has been submitted to elaborate examination by all 
the eminent observers." The distance of the centre of the small 
nebula from, that of the large one, is given by Messier, as 4' 35", . 
which may serve as a modulus for its other dimensions. It was 
described by Sir W. Herschel as a bright round nebula, surrounded 
by a halo or glory, and attended by a companion. Sir J. Herschel 
observed this object, and represented it as in the figure. He 
noticed the partial division of the ring, as if it were split, as its 
most remarkable and interesting feature, and inferred that, sup- 
posing it to consist of stars, the appearance it would present to an 
observer, placed on a planet attached to one of them ezcentrically 
situate towards the north preceding quarter of the central mass, 
would be exactly similar to that of the milky way as seen from 
the earth, traversing in a manner precisely similar the firmament 
of large stars, into which the central cluster would be seen pro- 
jected, and (owing to its greater distance) appearing like it to 
consist of stars much smaller than those in other parts of the 
heavens. ** Can it be," asks Sir J. Herschel, " that we have here 
a brother system, bearing a real physical resemblance and strong 
analogy of structure to our own P " Sir J. Herschel farther argues, 
that fdl idea of symmetry caused by rotation must be relinquished, 
considering that the elliptioal form of the innec subdivided portion 

81 



THE STELLAR UNIVERSE. 

indicates with extreme probability an elevation of that part above 
the {dane of the rest ; so that the real form most be that of a ring 
split through half its circnmference, and having the split portions 
set asunder at an angle of 45°. « 

Fig. 32 is the same object as shown by Lord Bosse's telescope. 
This shows, in a striking manner, how entirely the appearances of 
these objects are liable to be varied by the increased magnifying 
power and greater efficiency of the telescope through which they 
are viewed. It is evident, that very little resemblance or analogy 
is discoverable between fig, 31 and fig. 32. Lord Rosse, however, 




says that if Sir John Herschel's be placed as it would be seen with 
a Newtonian telescope, the bright convolutions of the spiral shown 
in his own would be recognised in the appearance which Sir J. 
Herschel supposed to be that which would be produced by a split or 
divided ring. Lord Rosse further observes that, with each increase 
Df optical power, the structure of this object becomes more com- 
plicated and more unlike anything which could be supposed to be 
the result of any form of dynamical law of which we find a coun- 
terpart in our system. The connection of the companion with the 
principal nebula, of which there is not the least doubt, and which 
is represented in the sketch, adds, in Lord Rosse's opinion, if pos- 
sible, to the difficulty of forming any conceivable hypothesis. 
That such a system should exist without internal movement he 
considers in the last degree improbable. Our conception may be 
aided, by uniting with the idea of motion the effects of a resisting 
medium ; but it is impossible to imagine such a system in any point 
of view, as a case of mere statical equilibrium. Measurements he 
therefore considers of the highest interest, but of great difficulty. 
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CHAPTEE VI. 

Spiral nebulffi (continiied). — 86. Number of nebulae. — 87. The Dumb- 
Bell nebula as obsenred by Sir J. Herschel and Lord Bosse. — 88. 
Various nebulie figured by the same observers. — 89. Large irre- 
gular nebulae.— -90. Rich cluster in the Centaur.— 91. The great 
nebula in Orion. — 92. The great nebula in Argo.— 93. MageUanic 
clouds. 

In fig. 33 is reproduced a drawing by Sir J. Herschel of a large 
nebula haying a diameter estimated by him at 3^, or a tenth of that 
of the moon. This object is situate in b A O"* 22" n p d 67° 45', and 
therefore near the northern part of the constellation of Leo minor. 
This is described by Sir John Herschel as a yery bright extended 
nebula, with an approach to a second nucleusi which, however, is 
very faint. 

Fig. 34 is the same object as shown by Lord Rosse's telescope. 
This object was first observed with the great telescope, 24th March, 
1846, when a tendency to an annular or spiral form was discovered. 
On the 9th March, 1848, in more favourable weather, the spiral 
form was distinctly seen in an oblique direction. The nebula was 
well resolved, particularly towards the centre, where it was very 
bright* 
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Another most extraordinary spiral nebula is sliown infig. 35, p. 17. 
It has been the subject of examination by all eminent obserrers 

Fig. 33. Fig. 34. 



since the time of Messier, in whose catalogue it is No. 99. The 
spiral form of the nebula, represented in fig. 32, was discovered 
by Lord Eosse, in the early part of 1845. In the spring of 1846, 
that represented in the present figure was discovered. The spiral 
form is here also presented, but of a different character. Lord 
Rosse conjectures, that the nebula No. 2370, and 3239 of Herschel's 
southern catalogue, are very probably objects of a similar cha- 
racter. As Herschers telescope did not reveal any trace of the 
form of this nebula, it is not surprising that it did not disclose the 
spiral form presumed to belong to the others, and it is not, there- 
fore unreasonable to hope, according to his lordship, that whenever 
the southern hemisphere shall be re-examined with instruments of 
greater power, these two remarkable nebulee will yield some inte- 
resting results. 

Lord Rosse has discovered other spiral nebulaa, but they are 
comparatively difficult to be seen, and the greatest powers of the 
instrument are required to bring out the details. 

In fig. 36 is another nebula having the spiral character, and a 
most singular form. Its situation is B a l"* 24" K F D 60** 31', 
and is therefore in the northern part of the constellation Pisces.. 
It is of great magnitude, having a diameter not less than half 
that of the moon. This object has been the subject of observa- 
tion by all the eminent observers. Sir John Herschel describes it 
as enormously large, growing very gradually brighter towards 
the middle, and having a star of the 12th magnitude, north, 
following the nucleus, and being characterised by irregularities 
31 



DtTMB-ttHLti NfiBtTLA. 

of light, and even by feeble subordinate nuclei and many small 
stars. The drawing represents it as seen with the more powerful 
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telescope of Lord llosse. A tendency to a spiral form was dis- 
tinctly seen on the 6th, 10th, and 16th September, 1849. The 
whole object was involyed in a faint nebulosity, which probably 
extends past several knots which Ue about it in different directions. 

86. The forms and magnitudes of the nebulae are so infinitely 
various, that it is impossible to reduce them to any definite 
classification. Their number also is quite unbounded. The 
catalogues of Sir J. Hersohel contain above 4000, of which the 
places are assigned, and the magnitudes, forms, and apparent 
characters described. As observers are multiplied, and the tele- 
scope improved, and especially when the means of observation 
have been extended to places that are more favourable for such 
observations, it may be expected that the number observed will 
be indefinitely augmented. 

87. In fig. 37, we have reproduced the drawing of a well- 
known nebula by Sir John Herschel. Tliis has been called, from its 
apparent form, the Dumb Bell nebula. Its situation is B A lO'' 52*" 
NPD 67* 44', and consequently between the constellations of 
Yulpa minor and Lyra. Sir John Herschel describes it as a 
nebula shaped like a dumb-bell, double-headed shot, or hour- 
glass, the elliptic outline being completed by a more feeble 
nebulous light. The axis of symmetry through the centres of the 
two chief masses inclined at 30' to the meridian. . Diameter of 
elliptio light from T to 8'. Not resolvable, but four stars are 
visible on it, of the 12th, 13th, and 14th magnitude. The southern 
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head is denser tlum the northern. This extraordinary ohject was 




also observed by Sir W- Herschel, who recognised the 

Fig, 39. 
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peouliar fonn. Sir J. Hersohel oonsiders that the most remark- 
able eiroumstanoe attending it is the faint nebulosity whioh fills 
up the lateral 4X)noaYities of its form, and in fact converts them 
into protuberances, so as to render the whole outline a regular 
ellipse, having for its shorter axis the common axis of the two 
bright masses. If it be regarded as a mass in rotation, it is 
around this shorter axis it must revolve. In that case, he 
considers that its real form must be that of an oblate spheroid ; 
and as it does not follow that the brightest portions must be of 
necessity the densest, this supposition would not be incompatible 
with d3mamical laws, at least supposing its parts to be capable of 
exerting pressure on each other. But if it consist of distinct 
stars this cannot be admitted, and we must then have recourse to 
other suppositions to account for the maintenance of its form. Sir 
John Herschel, it will be observed, failed to resolve this nebula. 

Fig. 38 is the same object as shown by the telescope of Lord 
Eosse, three feet aperture, twenty-seven feet focal lengtii. 

Fig. 39 is the same object as shown with the great telescope of 
Lord Rosse, six feet aperture, fifty-three feet focal length. 

The difference between tiiese two representations and that 
given by Sir John Herschel of the same object, will illustrate in 
a very striking manner the observations abeady made on the 
effects of different magnifying and defining powers upon the 
appearance of the» object under examination, l^ese three figures 
could scarcely be conceived to be representations of the same 
object. 

To explain the difference observable between the drawing 
fig. 38, made with the smaller telescope, and the drawing fig. 39, 
made with the larger instrument. Lord Rosse observes, that while 
the application of a high magnifying power brings out minute 
stars not visible with lower powers, it completely extinguishes 
nebulosity whioh the lower powers 

render visible. The optical reason for '^' 

this will be easily perceived ; the cir- 
cumstance was nevertheless overlooked 
when the observations were made from 
which the drawing fig. 38 was taken. 
Only one magnifying power, and that a 
very high one, was used on that occa- 
sion, the consequence of which was that, 
although the two knobs of the dumb- 
hell were more fully resolved, the 
nebulous matter filUng the inter- 
mediate space, which Herschel considered to be the most 
remarkable feature of this nebula, was entirely extinguished in 

87 




THE STBLLAB UNIVERSE. 

the optical image. If on that occasioxi a .sieooad jdye-pieoe had 
been used of lower power, the intermediate nebulous matter 
would have been seen, as represented in the drawing, and the 
drawing would be as perfect as, and nearly identical with, that 

Fig. 41. rig. 42. 




obtained with the greater telescope, a lower power being used. 

Fig.'43- Pifii44 




It will be observed that the general outline of this remarkable 
object which is so geometrically exact as seen with the inferior 
power used by Sir John Herschel, is totally effaced by the appli- 
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oation of thd higher povers lued by Lord Eospei and ooiueqiiently 
Sir John Hersdhel's theoretioal speonlations based upon this parli- 
oular form, mnst be regarded as losing much of their force, if not 
wholly inadmissible ; and this is an example proving how unsafe 
it is to draw any theoretioal inferences frcm apparent peculiarities 
of form or structure in these objects, which may be only the 
efEeot of the imperfect impressions we receive of them, and wl4ch, 
consequently, disappear when higher telescopic powers are applied. 
The case of the nebula represented in figs. 31 and 32, presents 
another striking example of the force of these observations. 

88. In fig. 40 is a nebula drawn by Sir J. Herschel, who 
describes it as a faint large round nebula, which, by attentive 
examination, may be seen to be composed of excessively minute 
stars, appearing like points rubbed out. It is, in fact, a globular 
cluster. 

In fig. 41, is a nebula situated in b A 22" 56", N p d 78** 36', 
and therefore in the southern part of the constellation of Pegasus^ 
The length of this, as estimated by Sir J. Herschel, is 2', or the 
15th part of the moon's diameter, while the breadth is only half a 
minute, or the 60th part of the breadth of the lunar disk. It 
is shown in fig. 41 as it appeared in the telescope of Sir J. 
Herschel. It is described by bim as pretty bright and resolvable, 
and extended between two small stars, having two very small 
stars visible in it. 

In fig. 42 is shown the same object as seen in Lord Eosse's 
telescope. It w:as frequently observed, both by Lord Rosse him* 
self and several of his Mends, and the drawing represents the 
form with great accuracy. It was doubtful whether the form 
was strictly spiral, or whether it were not more properly anntilar. 

In fig. 43 is shown a double nebula situate in £ A 71^ 15*", 
N p D 60^ 11', and therefore near the bright star Castor. It is 
drawn by Sir J. Herschel, wbo describes it as a curious bright 
double or an elongated bicentral nebula. 

In fig. 44 is the same object as shown by Lord Bosse's 
telescope on 22nd December, 1848. A bright star was visible 
between the nebulas from which tails and curved filaments 
issued. The existence of an annulus surrounding the two nebulse 
was suspected. 

In figs. 45, 46 are views of the same nebula, as seen by Sir 
J. Herschel and Lord Bosse. This object is situate in B A 1 1*" 10". 
K p B 75° 59^, and therefore between the two brightest stars of the 
constellation Leo. Its length is 4' or about the 7th of the moon's 
diameter. It is described by Sir John Herschel as large, elliptical 
in form, with a round nucleus, and growing gradually brighter 
towards the middle. 



THB STELLAR IJNIVEBSE. 



Fig, *5. 



Fig. 46. 



In fig. 46 It is given as shown by Lord Kosse's telescope. Slit 
March, 1848. Described as a ourions nebula, nudens resolvable, 

haying a spiral or annular 
arrangement about it. It 
was also observed with the 
same results on the 1st and 
3rd April. 

A nebula, situate in s a 
16^ 2-, ir P D Sa*' 35', is 
shown in fig. 47, its length 
being 50" and breadth 
20". 

This nebula was not 
figured by Sir John Her- 
schel ; but is described by 
him as an object very 
bright, and growing much 
brighter towards the 
middle. The drawing re- 
presents the object as seen 
in Lord Bosse's telesoope, 
in April, 1848. It is de- 
scribed by Lord Rosse as a 
very bright resolvable ne- 
bula, but that none of the 
component stars could be 
distinctly seen even with 
a magnifying power of 
1000. A perfectly straight 
longitudinal division ap- 
pears in the direction of 
the major axis of the ellipse. 
Resolvability was strongly 
indicated towards the nu- 
cleus. According to Loid 
Bosse, the proportion of 
the major asis to the minor 
axis was 8 to 1 ; much 
greater than the estimate 
of Sir John Herschel. 

In figs. 48, 49 are given 
two views of the same 
nebula by Sir J. Herschel 
and Lord Rosse. Its situa- 
tion is Ei. 12"»33,"KPD 
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fi6^ d(y. It is therefore near tiie northern limit of the Coma 
BereniooB. It is described by Sir John Hersohel as a nebula of 



Fig.i7 



Fig. 48. 



Fig. 49 





enormous length, extending 
across an entire field of 15', 
the nucleus not being well 
defined. It was preceded by 
a star of the tenth magni- 
tude, and that again by a 
small faint round nebula, 
the whole forming a fine and 
very curious combination. 

Fig. 49 is the same object 
as shown by Lord Eosse's 
telescope on 19th April, 1849. 
The drawing is stated to be 
executed with great oare, 
and to be very accurate. A 
most extraordinary object, 
masses of light appearing 
through it in knots. 

In fig. 60| p. 33, is represented a nebula situate in r ▲ G** 30", k p 
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B 81* 3(K. It is therefoie utaate about midway between the bright 
star Proojon and the sbouldeis of the oonstellatioa Orion. This 
object is described hj Sir John Herschel as a star of the 12tii 
magnitade, with a bright oometic branch issuing from it, 60" in 
lei^th, forming an angle of 60^ witiitiie meridian, passing through 
it. The star is described as ill-defined, the apex of the nebula 
coming exactly up to it, but not passing it. 

Fig. 51, p. 33, is the same object as seen with Lord Eosse's tele- 
scope on 16th January, 1850. Lord Eosse observed that the two 
comparatively dark spaces, one near the apex and the other near 
the base of tiie cone, are very remarkable. 

In fig. 52, p. 193, Yol. vii., is represented a nebula situated ia 
n A 11^ 5", ir p D 34*^ 3', having a diameter equal to about the 90th 
part of that of the moon. It is drawn and described by Sir John 
Herschel as a large uniform nebulous disk, very bright and 
perfectly round, but sharply defined, and yet very suddenly fading 
away into darkness. A most extraordinary object. 

Fig. 53, p. 193, Vol. vii., is the same object as shown by Lord 
Rosse's telescope. Two stars considerably apart, seen in the central 
part of the nebula. A dark penumbra around each spiral arrange- 
ment with stars as apparent centres of attraction. Stars spark- 
ling in it and in the nebula resolvable. Lord B^sse saw two large 



Fiff. r.4. 



Fifir. 55. 




and very dark spots-in the middle, and remarked -that all round 

its edge the sky appeared darker than usual. • 
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In %. 54 is represented a nebula situated in b ▲ 23^ 16", 
K P D 48° 24', as dwiwn by Sir John Hersebel, who describes it as 
a fine planetary nebula. With a power of 240 it was beautifully 
defined, light, rather mottled, and the edges the least in the world 
unshaped. It is not nebulous, but looks as if it had a double 
outline, or like a star a little out of focus. It is perfectly 
circidar. 

Fig. 65 is the same object as shown in Lord Rosse's telescope, 
16th<— 19th December 1848. A central dark spot surrounded by a 
bright annulus. 

In fig. 56, p. 1, vol. viii., is a nebula situate in e A 20*» 54", ctr p i) 
102° 3'. Diameter 10" to 12" according toHerschel, but 25" by 17" 
according to Struve, who gives it a more oval form. This figure 
is that given by Sir John Herschel, who describes it as a fine pla- 
netary nebula with equable light and bluish white colour. 

Fig. 57, p. 1 , vol. viii. , is the same object as shown by Lord Eosse's 
telescope. Like a globe surrounded by a ring such as that of 
Saturn, the usual line being in the plane of the ring. 

In fig. 58 is a nebula drawn by Sir J. Herschel, situate in it A 

Fisr. 5S. ¥i{z. 50. 




7^ 19"° 8% N p D 68° 45'. Described as a star exactly in the centre 
of a bright circular atmosphere 25" in diameter, the star being 
quite stellar, and not a mere nucleus, and is a most remarkable 
object. 

Fig. 59 is the same object as shown by Lord Rosse's telescope 
on 20th February, 1849 ; described by him as a most astonishing 
object. It was examined in January 1850, with powers of 700 
and 900, when both the dark and bright rings seemed unequal in 
breadth. 
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In %• 00 is represented a drawing by Lord Rosse, made with 
his large telesoope, of a nebnla situate in b a 5^ 27", k p i> 90^ 2'. 
This nebnla snnonnds the small star i Orionis, and has a diameter 
equal to about a tentii part of that of the moon. 

Fig. 60. 




89. All the nebulas described above are objects generally of 
regular form, and subtending small visual angles. There are 
others, however, of a very different character, which cannot be 
passed without some notice. These objects cover spaces on the 
firmament, many nearly as extensive as, and some much more 
extensive than, the moon's disk. Some of them have been re- 
solved. Of those which are larger and more di£^ed, some 
exhibit irregularly shaped patches of nebulous light, affecting 
forms resembling those of clouds, in which tracts are seen in 
every stage of resolution, from nebulosity irresolvable by the 
largest and most powerful telescopes, to stars perfectly separated 
like parts of the milky way, and *' clustering groups sufficiently 
insulated and condensed to come under the designation of irregular 
and, in some cases, pretty rich clusters. But, besides these, there 
are also neb'ulsd in abimdance, both regular and irregular ; glo- 
bular clusters, in every state of condensation, and objects of a 
nebulous character quite peculiar, which have no analogy in any 
other part of the heavens."* 

* Herschel, Outlines of Astronomy, p. 613. 
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90, The star w Centauri presents one of the most striking ex- 
amples of the class of large diffused clusters. It is nearly roun4i 
and has an apparent diameter equal to two-thirds of that of the 
moon. This remarkahle ohject was included in Mr» Bunlop's 
catalogue ("PhiL Trans." 1828) ; hut it is from the ohservations 
of Sir John Herschel, at the Cape, that the knowledge of its 
splendid character is deriyedr That astronomer pronounces it, 
beyond all comparison, the richest and largest object of the kind 
in the heavens. The stars composing it are literally innumerable ; 
and as their collective light affects the eye hardly more than that 
of a star of the fifth magnitude, the minuteness of each of them 
may be imagined. The apparent magnitude of this object is such 
that, when it was concentric with the field of Sir J. Herschel's 
20-feet telescope, the straggling stars at the edges were beyond 
the limit of the field. In stating that the diameter is two-thirds 
of the moon's disk, it must be understood to apply to the diameter 
of the condensed duster, and not to include the straggling stars at 
the edges. When the centre of the cluster was brought to the 
edge of the field, the outer stars extended fully half a radius 
beyond the middle of it.* 

The appearance of this magnificent object resembles that shown 
in fig. 18, only that the stars are much more densely crowded 
together, and the outline more circular, indicating a pretty exact 
globe as the real form of the mass. 

91. 2%« gretU n^mla in Orion, — The position of this extraordi- 
nary objcSct is in the sword-handle of the figure which forms the 
constellation of Orion. It consists of irregular cloud-shaped 
nebulous patches, extending over a surface about 40' square ; that 
is, one whose apparent breadth and height exceed the apparent 
diameter of the moon by about one-third, and whose superficial 
magxutude is, therefore, rather more than twice that of the moon's 
disk* Drawings of this nebula have been made by several ob- 
servers, and engravings of them have been already published in 
various works^ 

In fig. 61 is given a representation of the central part of this 
objectr The portion here represented has a height and breadth 
about one-sixth less than the diameter of the moon. An engrav- 
ing upon a veiy large scale, of the entire extent of the nebula, 
with an indication of the various stars which serve as a sort of 
landmarks to it, may be seen by reference to Sir J. Herschel's 
^^ Cape Observations," accompanied by the Interesting details of 
his observations upon it* 
Sir J» Herschel describes the brightest portion of this nebula as 

* Cape Observations, p. 21. 
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OBKAT KEBULA OP ORIOK. 

resembling the head and yawning jaws of some monstrous animal, 
with, a sort of proboscis ronning out from the snout. The stars 
scattered over it probably have no connection with it, and are 
doubtless placed much nearer to our system than the nebula, being 
visually projected upon it. Parts of this nebula, when submitted 
to the powers of Lord Kosse's telescope, show eyident indications 
of resolvability. 

92. An object of the same class is shown in fig. 62, p. 177, 
Vol. yii., and presentmg like appearances ; it is diffused around 
the star ly in the consteUation Argo, and formed a special subject 
of observation by Sir J. Herschel, during his residence at the 
Cape. An engraving of it on a large scale, giving all its details, 
may be seen in the *' Cape Observations." The position of the 
centre of the nebula is, K A 10* 38' 38", N P D 148'' 47'. 

This object consists of difiused irregular nebulous patches, 
extending over a surface measuring nearly 7" in right ascen- 
sion, and 68' in declination; the entire area, therefore, being 
equal to a square space, whose side would measure one degree. It 
occupies, therefore, a space on the heavens about five times greater 
than the disk of the moon. 

The part of the nebula immediately surrounding the central 
star, is represented in fig. 62. The space here represented measures 
about one- fourth of the entire extent of the nebula, in declination, 
and one-third in right ascension, and about a twelflih of its entire 
magnitude. 

No part of this remarkable object has shown the least ten^^ 
dency to resolvability. It is entirely compressed within the 
limits of that part of the milky way which traverses the southern 
firmament, the stars of which are seen projected upon it in 
thousands. Sir J. Herschel has actually counted 1200 of these 
stars projected upon. a part of this nebula, measuring no more 
than 28' in declination, and B2* in right ascension, and he thinks 
that it is impossible to avoid the conclusion, that in looking at 
it we see through and beyond the milky way, far out into 
space through a starless region, disconnecting it altogether with 
our system. 

93. The Magellanic clouds are two extensive nebulous patches 
also seen on the southern firmament^ the greater called the nitbecukt 
major J being included between B 1 4'* 40", and 6'' 0" and N p d 156° 
and 162°, occupying a superficial area of 42 square degrees ; and the 
other called the nubecula minor, being included between e A O*' 21" 
and 1"* 15" and between ndp ld2l° and 165% covering about 10 
square degrees. 

These nebulae consist of patches of every character, some irre- 
solvable, and others resolvable in all degrees, and mixed with 
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dosten ; in fine, having all the chaneteis already explained in 
the oaaea of the laige difiued nehnla deeeribed above. 80 great 
is the nnmber of diafcinet nebnl» and dusters erowded.togeUier in 
these traots of the firmament, that 278, besides 50 or 60 outliers, 
have been enumerated by Sir J. Herschel, within the area of the 
nubecula major alone. 
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oorreot. * * His peroration is truly eloquent."— Britannia. 

LOV6 in the Moon; a poem, with Remarks on that Luminary. By Patrick 
Soorr, Author of *' Lelio." Foolscap 4to, 6». 6d. cloth gilt. 

Poetical Works of John Keats. Royai 8vo^ sewed, 2«. 

A Collection of Poetry for the Practice of Elocntion. Made for 

the use of the Ladies' CJoll^ge, Bedford Square. By Professor F. W. Nkwmak. 
Foolscap 8vo^ 2t. 0d. 

The GteorjricS of YirgiL TranaUted into Verse by the Bev. W. H. Bathtjbst, 
M.A., Rector of Barwick-in-Elmet. Foolscap 8vo, 4«. M. doth. 



MISCE LLAN EOUS. 

(IITESSES at TmtiL By two Bbothzbs. Cheaper Edition. With an Index. 
2 vols. Foolscap 8vo. 10«., doth-lettered. 

Business as it is and as it might be. By Joseph ltitdall. crown 

8vo, 1«. sewed, U. M. cloth. 

\* This Work obtained the Prize of Fifty Guineas offered by the Young Men's 
Christian Association for the best Essay on " The Evils of the Present System of 
Business, and the Difficulties they Present to the Attainment and Development 
of Personal Piety, with Suggestions for their RemovaL" 

Christian Philosophy ; or, an Attempt to Display the Evidence and Excel- 
lence of Revealed Religion by its Internal Testimony. By Vicbsi]ct7b Knox. 
D.D., late Fellow of St John's College, Oxford; and Master of Tunbridge 
SchooL Foolscap 8vo., 2s. M., cloth. 

Suggestions on Female Education. Two introductory Lectures on 
English Literature and Moral Philosophy, delivered in the Ladies' Coll^pe, 
Bedford Square, London. By A. J. Scott, A.M., Prindpal of Owen's College, 
Manchester, late Professor of the English Language and Literature in Univenity 
College, London. Foolscap 8vo, 1«. Qd. 

Mr. Frere*s Works on Prophecy. 

Brief Intbrpbbtation of the Apocalypse. Svo, 3«. 6d. cloth. 

Oj&neral Stbuctubb of thb Apocai^tpsk, chiefly relating to the Individual 

Antichrist of the Last Days. 8vo, 2t. 
Tbbbb LETTBBa ON THB Pbopheoibs. 8vo, 2s, 
Eight Lbttebs on the Pbopheoibs ; viz. on the Seventh Vial ; the Civil and 

Ecdesiastical Periods ; and on the Tvpe of Jericho. Svo, 2«. 6d, 
Great Comtinbntal Revolution, marking the expiration of the " Times of the 

OentUes." Svo, 2». 6d. 



STEAM NAVIGATION AND EAILVAYS. 
THE Steam Eng^ine, Steam Navigation, Beads, and Sailways, 

* EXPLAINED AND ILLUSTRATED. A New and Cheaper Edition, revised 
and completed to the present time. By Dionvsius Lardnkr, D.C.L., formerly 
Pi-ofessor of Natural Philosophy and Astronomy in University College, London. 
One Vol. 12mo, lUnstrated with Wood Engravings^ 8«. QcL cloth. 
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pOPXTLAS Astronomy. By DiONYanrsLABDNER, B.C.L., containing;— How 
to observe the Heavens ; Latitude and Longitude; The Earth; The Sun; The 
Iffoon; The Planets, are they inhabited? The New Planets; Leverrier and 
Adams' Planet ; Lunar Influences ; The Tides ; Lunar Influences and the Stellar 
Universe. From the Mu»eum €if Science and AH, 1 volume, with 119 Engravings. 
12mo, 2». 6d. cloth lettered. ^ 

Conunon Things Explained. By diontbius labdner, d.c.l.. containing, 

—Ah-; Earth; Fire; Water; Time; The Almanac; aocks and Watches; 
Spectacles ; Colour ; Kaleidoscope ; Pumps. From the Mtueum of Science <md 
Art. 1 volume with 114 Engravings. 12mo, 2<. Qd, cloth lettered. 

The Electrio Telegraph Popnlarised. with loo luustmtions. By 

DiovYsiTO Lardneb, d.c.l. From the "Museum of Sdenoe and Art." 12mo, 
2«. cloth. 

" The reader will find the most complete and intelligible description of 
Telegraphic Apparatus in Dr. Lardner's admirable chapters on the suoiect."— 

Familiar Letters on the Physics of the Earth. By h. buft. 

Professor of Physies in the University of Oieosen. Edited by Dr. A. W. 
HoFMANN, Professor in the Royal College of Chemistry, London. Pcap. 8vo, 6#. 
Introduction.— Gravity and its Effects.— Tides.— Heat within the Earth.— 
Warm Springs.— Hot Springs and Jets of Steam.— Jets of Oas and Mud Volca- 
noes.— Volcanoes and Earthquakes.— Temperature of the Outermost Crust of the 
Earth.— Temperature of the Lowest Layer of the Atmosphere.— Lines of equal 
Heat— Temperatiu« of the Upper Layers of the Atmosphere.- The Snow Limits, 
—Glaciers.— Temperature of the Waters, and their Influence on Climate. — Cur^ 
rents of the Sea.— Winds.- Moisture of the Air and Atmospheric Precipitation. 
— ^Electricity of the Air, Lightning, and Thunder. 

An Elementary Treatise on Mechanics, for the use of junior univer- 
sity students. By Riohabd Fottkb, A.M., Professor of Natural Philosophy in 
University College, London. Third Edition, 8vo. with numerous Diagrams, 
8*. ed. doth. "-. . . -^ 

An Elementary Treatise on Optics, fart l By biohabd fottsb. 

A.M. Second Edition, 8vo^ oorreotec^ with numerous Diagrams, 9«. 6(2. doth. 

An Elementary Treatise on Optics, part ii.. Containing the Higher 

Propositions. By Riohabd Potteb, A.M. Svo, with numerous Diagrams, \2t. 6d. 

Twelve Planispheres, forming a Guide to tbo stars for every Night in th« 
Year, with an Introduction. Svo, 6t. 6d. doth. 



EcUptioal Charts, Honrs, 1, 2, 8, 4^ 6, 7, 9, 10, U, 13, 14, 19, 

and 20, taken at the Observatory. Regen ' 

BiaHOP, Esq., P.R.8., Ao. 2t, 6d, each. 



and 20, taken at the Observatory, Regent's Park, under the direction of Oboboc 



Astronomical Observations, taken at the observatory. Regent's Park, 
during the Tears 1889—1861, under the direction of OxoBOS Bishop, Esq., 
F.R.S., Ac. 4to, 12*. 6d. 

Kr. Bishop's Synoptical Table of the Elements of the Minor 

Planets, between Mars and Jupiter, as known at the berinning of 1855, with 
the particulars relating to their disco veiy, &c. Arranged at the Observatory, 
Regent's Park. On a Card. 
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DR. LARDNER'S 
MUSEUM OF SCIENCE AND ART. 

E IKtaccmtf tf 

INBTBUCnVE AND AMUSING TRACTS ON THB PHYSICAL 8CIBNC1B» AlVJ) 

ON THEIR APPLICATION TO THB USES OF LIFE. 

ILLUSTRATED BY ENGRAVINGS ON WOOD. 



DOUBLE VOLUKBS. 

Vohmtet 1 to 6 may now be had, ttnmgly bmmi, 2 Vohunu in 1 mth indexes, eMb 

leUtr^ priet S$. tUL each d(nMe vdbtme. 



" ' Dr. Lardner's Miueum,' one of the few works of the kind which can be 
reoommended m at onoe popular and accurate. "-hSSt David BremUr. 



Contents of Vols. I. and n. (double), Ss. 6d. doth. 

VOL. ILfpricele, 6d., in handiomeloardi. 



VOL* L| pt^ !'• 0<L> ^ hand$omie boardt, 

Pabt I. » price fid. 
1. The Planets; Are they Inhabited 

Globes? 
1 Weather Prognostics. 
S. The Planets. Chap. II. 
4. Popilar Fallacies in Questions of 
Physical Science. 

Pabt II., price 6dL 
I. latitudes and Longitudes, 
e. The Planets. Chap. III. 

7. Lunar Influences. 

8. Meteoric Stones and Shooting Stan. 

Chap. I. 

Pabt III., price 6d. 

9. Railway Accidents. Chap. L 

10. The Planeta Chap. IV. 

11. Meteoric Stones and Shooting Stan. 

Chap. II. 

12. Railway Accidents. Chap. II. 
18. Light. 

Contents of Vols. UX. and lY. (donble), Ss. 6d. cloth. 

VOL. III| price 1<. 6d., in handsome boards. 



Pabt IV., price bd, 

14. Common Things.— Air. 

15. Locomotion in the United States. 
Chap. I. 

16. Cometary Influences. Chap. I. 

17. Locomotion in the United States. 
Chap. II. 

Pabt V., price bd, 

18. Common Things.— Water. 

19. The Potter's Art. Chap. L 

20. Locomotion in the United States. 
Chap. III. 

21. The Potter's Art Chap. IL 

Pabt YI., price (ki 

22. Common Things.— Fire. 

23. The Potter's Art Chap. IIL 

24. Cometary Influences. Cl^. H. 
26. The Potter's Art Chap. IV. 
26. The Potter's Art Chap.V. 



Pabt VII., price bd. 

27. Locomotion and Transport their 

Influence and Progress. Chap. L 

28. The Moon. 

29. Common Things. — ^The Earth. 

80. Locomotion and Transport their 

Influence and Progress. Cwap. IL 

Pabt Vm., price bd. 

81. The Electric Telegraph. Chap. I. 



82. Terrestrial Heat. Chap. I. 

88. The Electric Telegraph. Chap. II. 

84. The Sun. 

Pabt IX., price 6d, 

85. The Electric Telegraph. Chap. IH 

86. Tenrestrial Heat Chap. II. 

87. The Electric Telegraph. Chap. IV. 

88. The Electric Telegraph. Chap. V. 
39. The Electric Telegraph. Chap. VL 



VOL. XV., Jprice 1«. 6<E., in handsome boaards. 



Pabt X., price bd. 

40. Earthquakes and Volcanoes. Chap. I. 

41. The Electric Telegraph. Chap. Vll. 

42. The Electric Telegraph. Chap. VIII. 

43. The Electric Telegraph. Chap. IX. 

Pabt XI., price bd. 

44. Barometer. Safely Lamp, and Whit- 

worth's Micrometric Apparatus. 



45. The Electric Telearraph. Chap. X. 

46. Earthquakes and Volcanoes. ChapIL 

47. The Electric Telegraph. Chap. 20. 

Pabt XIL, price 6d. 
.48. Steam. 

49. The Electric Telegraph. Chap. XIL 
50 The Electric Telegraph. Chap.XIIL 
51. The Electric Telegraph. Chap. XIV. 
62. The Electric Telegraph. Chap. XY. 
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DR. LARDNER'S MDSEUM (Continued) :•- 

ContentB of YoUu V. and VL (doable), Ss. 6d. cloth, 

VOL. v., price 1«, 6d., 



Past Xin., price fid. 

58. The Steam Engine. Chap. L 
64. The Eye. Chap. L 

55. The Atmoephere. 

56. Time. Ch^p. I. 

Put ZIV., price 6d. 

57. The Steam Engine. Chap. II. 

58. Common Things. Time. Chap. XL 



The Eye. Chap. 11. 
60. Common Things. Pumps. 

Part XV., price 6d. 
^. The Steam Engine. Chap. IIL 

62. Common Things. Time. Chap. III. 

63. The Bye. Chap. III. 

64. Common Things. Time. Chap, IV. 

65. Common Thtogs. Spectacles— The 

Ealeidosoope. 



VOL. VI., price U6(L, 



Past XVL, price 5d. 
66. docks and Watches. Chap. I. 
07. Hicroflcopic Bittwing and Engraving. 

.68. Locomotive. Chap. L 

69. Microscopic Drawmg and Engraving. 

Part XVIL, price M. 

70. Cloclcs snd Watches. Chap. II. 

71. Microscopic Drawing and Engraving. 



72. Locomotive. Chap. II. 
78. Microscopic Drawmg and Bngiavinff. 
Chap. IV. 

Pabt XVIII.» price 6dL 

74. Clocks and Watches. Chap. III. 

75. Thermometer. 

76. New Planets.->Leverrier and Adams' 

Planet. 

77. Leverrier and Adams' Planet* con- 

cluded. 

78. Magnitude and Minuteness. 



Contents of Vola. VII. and vm. (double), 3b. 6d. doth, 
VOL. VIL, price 1«. 6(2., 



Past XIX. price fid. 

79. Common Things. The Almanack. 

Chap. I. 

80. Optical Images. Chap. I. 

81. Common Things. The Almanack. 

Chap. II. 

82. OpUcsa Images. Chap. IL 

Pabt XX. price 5<2. 

88. How to Observe the Heavens. Chap. I. 

84. Optical Images. Chap. III. Common 

Things. The Looking-Glass. 



85. Common Things. The Almanack. 

Chap. III. 

86. How to Observe the Heavens. Chap. 

II. Stellar Universe. Chap. I. 

Part XXI. price 6cl. 

87. The Tides. 

88. Stellar Universe. Chap. II. 

89. Common Things. The Almanack. 

Chap. IV. Colour. Chap. I. 

90. Stellar Universe. Chap. III. 

91. Colour. Chap. II. 



Part XXIL price 6d. 

92. Common Things. Man. Chap. I. 
98. The Stellar Universe. Chap. I V. 



VOL. VIIL, l>rice U. dcL, 



94. Magnifying fflaa 

95. Common Things. Man. Chap. II. 

Part XXIII. price 5d. 

96. Instinct and Intelligence. Chap. I. 
"^7. The Stellar Universe. Chap. v. 

98. Common Things. Man. Chap. III. 



99. Instinct and Intelligence. Chap. II. 

Part XXIV. price 6<L 

100. Instinct and Intelligence. Chap. III. 

101. The Solar Microscope—The Camera 

Lueida. * 

102. The Stellar Universe. Chap. VI. 
108. Instinct and Intelligence. Chap. IV. 
104. The Magic Lantern.— The Gameona 

Obscura. 



%* Contmued in WteUy Numbers at Id. ; Monthly Parts at 5d. ; Quarterly 
Volumes at Is. 6<2., and Half Yearly VoUmes at d«. 6<2. 



First Book of Natural Philosophy; or, an introduction to the study of 

statics, Dynamics, Hydrostatics, and Optics, with numerous examples. By 
Samurl Nrwth, M.A., Fellow of University College, London. 12mo, Ss. 6d. 

Elements of Mechanics and Hydrostatics. By saxvbl nrwtb, m.a. 

Second Edition, small 8vo, 7«. 6<2. cloth. 
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A Handbook of Natural Philosophy. ByDiomrBius LiLBDMSB, d.cl.. 

Formerly Professor of Natural Philosophy and Astronomy in University C!ollege, 
Lond^m. A New Edition, revised and greaUy enlarged, with several hundred 
additional Illuatrations. To appear in 18 Monthly PartA, at 1«., and in 4 
Volumes (one every two monthsX 5». each, cloth lettered. Being a series of 
Treatises composed in a popular and generally intelligible style, independently 
of the language and symbols of Mathematics. 



Mechanics. One Volume. Beoulv. 
Hydrostatics, Pneumatics, and Heat. 
One Volume. Ready. 



OpticflL One Volume. 
Electricity, Magnetism, Acou8ti(»^ and 
Meteorology. One Volume. 



Parts I. to III., each 1«., and MECHANICS, 1 Vol. 5s., cloth ; HYDB08TATICS, 
PNEUMATICS AND HEAT, 1 Vol 5s. cloth, are now ready. 

Dr. Lardner'8 Handbook of Astronomy. From the "Handbook of 

Natural Philosophy and Astronomy." 87 Plates and 200 Woodcuts. Laive 12mo. 
ia#. W. doth. 

Lardner's Handbook of Hatnral Philosophy and Astronomy. 

ThefoUowvng Volumes of the First Edition are still on Sale. 

SBOOm OOURSB, One VoL, 8s. (kl., contains:— Heat; Common Elec- 
tricity ; Magnetism ; Voltaic Electricity. 

THIRD COUR8B, One Vol., IQs. 6d., contains : — Astronomy and 
Meteorology. With 87 Plates and 200 Woodcuts. 

*«* Mther volume may be purchased separately. 



MATHEMATICS, &c. 

ELEMENTS of Arithmetic. By Auoubtub Ds Moboak, professor of Mathe- 
matics in University College, London. Fifth Edition, with Eleven Appendixes, 
Royal 12mo, 5s. cloth. 

De Morgan's Trigonometry and Double Algebra. Boyai i2mo, 

7s. 6d. cloth. 

Barlow's Tables of Squares, Cubes, Square Boots, Cube Boots, 

AND RECIPROCALS, up to 10,000. Stereotype Edition, examined and cor- 
rected. Under the supenntendence of the Sodety for the DiAision of tTseAil 
Knowledge. Royal 12mo^ doth, Ss. 

Arithmetical Books and Authors. From the Inveniion of Printing to 
the present time ; being Brief Notices of a large Number of Works drawn up 
from actual inspection. By Auoubtub Ds Moroan, Professor of MathematicB in 
University College, London. Cheap issue. Royal 12mo, 2s. M. cloth. 

A Course of Arithmetic as Taught in the Pestalozzian School, 

WORKSOP. By J. L. Ellxnbkrokb. 12mo^ 5s. doth. 

The First Book of Euclid Explained to Beginners, sycp. 

^Mabov, B.A., Fellow of University College, and Prindpal of Denmark Hill 
Grammar School. Fcap. 8vo, It. 9d. cloth. 

Beiner*s Lessons on Form ; or, an Introduction to Geometry, 

as given in a Pestalozzian School, Cheam, Surrey. 12mo, with numerous 
Dia^ums, 8«. M. doth. 

A First Book on Plane Trigonometry. Geometrical Trigonometry, 
and its applications to Surveying, with numerous Examples. For the use of 
Schools. By G. W. Heiimiko, M.A.. Fellow of St. John's College, Cambridge, 
and Author of a Treatise on the ^* Difforential and Integral Calculus." With 
Diagrams, 12mo, cloth limp, 1«. 6d, 

Bitchie's Principles of Geometry, &miiiaiiy niustrated, and appued to a 

variety of usefiu purposes. Designed for the Instruction of Toung Persons. 
Second Edition, revised and enliuged, 12mo» with 150 Woodcuts, 1». ed. 
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Tables of Logaxithms, Common and Trigonometrical, to Fire 

PLACES. Under the Superintendence of the Society for the Diffusion of Useful 
Knowledge. Fcap. 8vo, cdoth limp, 1». 6d. 

Lessons on Nnmber, as given at the Pestalozzian School, Cheam, Surrey. 
By Charles Reinxb. The Master's Manual. New Edition. 12mo, cloth, 5$, 
The Scholar's Praxis. 12mo, 2«. bound. 

GREEK. 

THE Anabasis of Xenophon. Expressly for Schools. With Notes, a Geo- 
graphical and Biographical Index, and a Map. By J. T. V. Hakdt, B.A., 
Principal of Huddersfield College ; and Ernest Adams, Classical Master in Uni- 
versity College School. 12mo, 4«. 6d. cloth. 

Lexicon to AeSChylnS. containing a critical Explanation of the more Difficult 
Passages in the Seven Tragedies. By the Rev. W. LmwooD, A.M, M.R.A.S. 

Second Edition. Revised. 8vo, 12«. cloth. 

IfeW Greek Delectus: Bemg sentences for Translation fh>m Greek Into 
English, and English into Gi-eek ; arranged in a Systematic Progression. By 
Dr. Raphael Kuhner. Translated and Edited from the German, hy Dr. Albx- 
▲vnsa Allev. Third Edition, revised. 12mo, 4«. cloth. 

Fonr Gospels in Greek. For the use of schools. Fcap. 8vo. doth limp, 
U.6(L This part of the Greek Testament is printed separately for the use of 
Students beginning to learn Greek, the Evangelists being more generally read 
than the rest of the Testament. 

London Greek Grammar. Designed to exhibit, in small compass, the Ele- 
ments of the Greek Langiuige. Edited by a Graduate of the University of 
Oxford. Fifth Edition. 12mo, cloth limp, 1<. 6<i. 

Greek Testament. Griesbaoh'b text, with the various readings of Mill and 
ScHOLZ. Second Edition, revised. Fcap. 8vo, cloth, 6s. M. ; moi*occo, 12<. 6d. 

Plato. The Apology of Socrates, Crito, and part of the Phaedo, with English 
Notes; a Lite of Socrates, &c. Edited by Dr. W. Smith. Second Edition. 12mo, 
cloth, 5*. 

Bobson's Gonstmotive Greek Exercises. i2mo, doth, u. m. 

\* This Work, which was originally intended to be a new edition of "Allen's 
Constructive Greek Exercii^s," will take the place of that book. The general 
principles of both are identicid. 

Introdnction to the Art of Composing Greek Iambics, in imi- 

tation of the Greek Tragedians. Designed for the use of Schools. By the Rev. 
Charles Tayler. 12mo, 2t. Qd, 

Wbat is the Power of the Greek Article ; and how may it be ex- 
pressed in the English Version of the New Testament ? By John Taylor. 8vo, 

LATIN. 

JJEW Latin Delectus ; being sentences for Translation from Latin into 
English, and English into Latin ; arranged in a Systematic Progression, on tHo 
plan of the Greek Delectus. By Dr. Alezaitoxr Allen. Third Edition, 12mo, 
4s. doth. 

ITeW Latin Reading-Book ; short sentences. Easy Narrations, and Descrij)- 
tions, firom Csesar's Gallic War, arranged in Systematic Progression. With a 
Dictionary. Second Edition, revised. 12mo, 2a, dd. doth. 

Constmctiye Latin Exercises, for teaching the Elements of the Language 
on a System of Analysis and Synthesis ; with Latin Reading Lessons, and copious 
Vocabularies. Bv John Robson, B.A., late Assistant Master in University 
College School. Third Edition, thoroughly revised. 12mo, 4&. ed. doth. 
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London lAtin Grumnftr l tmshidlBg the Bton syntax and Prosody in Bngfiali, 
aooompaniad with Notes. Bdited by a Oradvati of the Uzdveraity of Ozfind. 
Fifteenth Bditton. 18mo^ U. 6d. eloth limp. 

Arft latilL Beading LOMOns; witb complete yoeatmlarles. Intended n 
an Introduotion to Onsar. By Jomr Bobson, B.A., Assistant Master in Univor- 
sity College School. 12mo^ 8«. 6d. doth. 

The Prineipal Eoots of the Latin Language, simpMedbyadispiay 

of their Incoipomtion into the Bpeliah Tongue; with ooploos Notes. SyHnniT 
Hall. Fifth Edition. 12mo^ 1«. 6d. doth limp. 

Hie Germania of TadtlU. with BthndogioalDiasartatlonsand Notes. By 
Dr. B. G. Latham. Author of the ** Bncrlish lAnouaire." fto. With a Hap. 
Dem7 8T0.12«.«d. —•—»«» — i- 

Taoitnt, Oermania, AgriOOla, andPhvtBookoftheAmials. with EngUsh 
Notes and Bomont's Bemarks on the style of TAOiTua. Thixd Edition revted 
•ad muoh improved. Bdited by Br. W. Smxtb. ISmo. 6«. cloth. 

Gaetar for Beginners. Latin and English; with the original Text at theead. 
ISmo, U. M, doth. 

Mythology for Tersifioation; or. a Brief Sketdi of the Fables of the 
Andents, prepared to be rendered into Latin -rone. By the late Rot. P. 
Hooasov » M. A. (Provost of Eton). New Edition. Wmo^ 8i. bound. Kn to 
Ditto. 8vok r«. ^^ 

SeleOt Portions of Saered History, conveyed in sense for Lathi Verses. 
By the late Rev. F. Honosov, M.A. (Provost of Eton). Third Edition. Umo, 
8«.M.doth. Kit to Ditto. Royal 8vo, 10s. Sd. doth. 

Saered LyrioS ] or. Extracts from the Prophetical and other Scriptures of 
the Old Testament ; adapted to Latin Yersification in the principal Metres of 
HoRAoa. By the late Rev. F. Hodosov, M.A. (Provoat of Eton). 12mo^ 9t, 6d, 
doth. Ear to Ditto. 8vo, 12«. doth. 

Latin Authors* selected for the use of Schools ; containing portionft of Phaedros, 
Ovid's Metamorphoses, Virgil's JBneid, Geasar and Tadtus. 12mQ, Is. (M. doth. 



HEBREW. 
QBAMMAB of the Hebrew Language. ByHTXAK&uitwiTt;iate 

Professor of Hebrew in University College, London. Fourth Edition, revised and 
enlaxged. 8vo, 1S«. doth. Or in Two Parts^ sdd separately :— Elbkbht^ ia W. 
cloth ; Ettmoloot and Stktax, 9«. cloth. 

Book of (Genesis in English Hebrew; accompanied by an InteHlnear 
Translation, substantially the same as the authorised English version ; Philo- 
logical Notes, and a Grammatical Introduction. By W. Qbbbntisld, M.RA.S. 
Fourth Edition. Cheap Issue. 8vo, 4s. fid. doth. With the original Text hi 
Hebrew characters at tne end. 8vo^ 6s. 6c2. doth. 



MAPS. 

■PEACHIN'O Maps:— I. rivers and mountains, of England, Wales, 
* and Part of Scotland. W. UPTOWNS of Ditto. M. 
Projections. Three Maps. Miboatob. Euaopi. BitxnsH Islh. Stitotod Id 
a Cover, Is. Single Maps, 4d. each. 

Projections; withOutUneofCoimtry. Three Maps stitched in a Cover, It. 8h)gie 
Maps, M. each. 
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EN6IJSH. 

irpHE English Language. By Dr. R. G. Latham, F.B.S., late Fellow of 
Eing'B College, Cambridge. Fourfih Edition, greatly enlarged. 2 Vols. Sto. II. 8f • 

A Handbook of tiie Enfflidi Language. By Dr. b. o. latham, f.s.8. 

Seocmd Edition, reyised and much improved. Crown 8to, 7«. M. doth. 

An English Granunar for the Use of Sohools. By Dr. b. g. 

Latham, F.B.S.. late Fellow of King's College, Cambridge. Sixth Edition. 
12mo^ it. M. eloth. 

Elements of English Oranunar, for the TTse ^of Ladies* Sohoob. 

By Dr. B. G. Latham, F.B.B. Fcap. 8vo^ U, td, doth. 

Elements of English Grammar, for Commercial Schools. By 

Dr. B. G. Latham, F.B.S. Fcap. 8yo, Is. 6d. doth. 

History and Etymology of English Grammar, for the TTse of 

^ CLASSICAL SCHOOLS. By Dr. R G. Latham, F.B.S. Fcap. 8yo, Is. 6d. cloth. 
First OntlineS of Logic, applied to Grammar and Etymology. By Dr. B. G. 

Latham. 12mo, Is. 6d, doth. 
ITeW English Spelling Book. By the Bot. Gobbam D. Abbott. second 

Edition, with Beading tiessona. 12mo, sewed, 6d, 
First English Reader. By the Boy. G. D. Abbott. ISmo, with lUnstratlons. 

1«. dou limp. 

Second English Header. By the bay. g. d. abbott. i2mo, is. m. dothiimp. 
FRENCH. 

MESLET'S French Grammar. By p. F. Mbbubt, Professor of French 
in UniYersity College, London. New Edition. 12mo, 5s. M. bound. Or, sold 
in two Parts : Pbonunciation and Aooidbkob, 8«. ad. ; Syntax, 8s. M. (Key, 
New Edition, ds. 6d.) 

Merlet'S Tradnctenr ; Or, Histobioai^ D&amatio, and MiscELLAiniOUS Sblbo 
TiONS from the best Frskoh Wbitbbs ; accompanied by Explanatory Notes ; a 
selection of Idioms, &c. New Edition. 12mo, 65. 6d. bound. 

Herlet*s Dictionary of the Difficnlties of the French Langaage ; 



Composition. A new and enlarged Edition. 12mo, ds. 6d. bound. 
Xerlet'S French Synonymes; explained in Alphabetical order, with 
Copious Examples, ^rom the " Dxotiona&y or Difficulties.") 12mo, 2s, 6d, 
doth. 

Stories from French Writers. LiterUnear (fromMerlet's <*Traducteur".) 

^^""^'^- GERMAN. 

The Adventures of THySSes: a German Reading: Book; with a short 

Grammar and a Yooabulary. By Paul Hibsoh. Xwentj-four Woodcuts. 12mQ, 

Of. doth. 

A Short Grammar of the German Langnage. ismo, doth, &. 

ITALIAN. 
First Italic Conrse ; Bdng a Practical and Easy Method of Learning the 
Elements of the Italian Language. By W. Bbownino Smith, M.A., Second 
Classical Master of the City of London School. Boyal 18mo, doth, 8<. M, 

Fanizzi^s Italian Grammar, ismo, doth ump, is. u. 



12 WOBES PUBLISHED BT 



INTERLINEAE TRANSLATIONS. 

Cheap l»ni£, at It. 6d. per volume. 

T|OCKE*S System of GlaBsical Instruction, restoring the Method of 

Teaching formerly pnctued in all Public Schook. The Series consists of the 
following Interlinear Translations with the Original Text^ in which the quantity 
of the doubtftd Vowels is denoted ; critical and explanatory Notes, &c. 

*«* By means of these Works, that excellent system of Tuition is effectoally 
restored which was established by Dean Ck>let, Erasmus, and Lily, at the 
foundation of St. Paxil's School, and was then enjoined .by authority of the 
State, to be adopted in all other Public Seminaries of learning throughout Uie 
kingdom. Each Volume, 1$. dd. 

GREEK. 

1. Lvoiak's Dialogttk. Selections. 

2. Ths Odes OF AHACRKOir. 
8. Hovieb's Iliad. Book I. 
4. Pabsinq Lessons to Hoickb. 
6. Xenophok'b Mkmorabilia. Put I. 
6. Hebodotus'b HiSTOBiES. Sdections. 

FRENCH.^SiSMOiiDi ; the Battles of Crxsst and Poiotieb& 
GERMAN.— Stobisb fbox Osbmav Wbitkrs. 



I-ATIN. 

1. Prsdbus'b Fables or JSsop. 

2. Ovid's MsTAMOBPHosBS. Book I. 
8. Viboil's MvmsD. Book I. 

4. Pabsino Lkbbons to Viaoil. 
6. GjcaAB'B IvYAaioir orBBiTAiir. 



*•* A Second Edition of the Essay, explanatory of the System, with an Outline 
of tho Method of Study, is published. 12mo, sewed, price 6d. 



ANIMAL MAGNETISM. 



RASOV Yon Beiohenbach's Aesearches on Magnetism^ Elec- 

*' TRICITT, HEAT. LIGHT, CRYSTALLISATION. AND CHEMICAL AT- 
TRACTION. IN THEIR RELATION TO THE VITAL FORCE. Translated 
and Edited (at the express desire of the Author) by Db. Obboobt. of the Uni- 
yersity of Edinburgh. Cheap Issue. One Volume, Svo, 6*. 6d. cloth. 

"The merits of this remarkable volume are great. The painstaking, con- 
scientious, cautious^ ingenious^— we had almost said the religious, and certainly 
the self-pcMasessed enthusiasm with which the experimental due is followed from 
turn to turn of the labyrinth, is surpassed by nothing of the same sort in the 
whole range of contemporary noiouoo.'—Jforth SritiaK jReview, 



ANATOMY, MEDICINE, &c. 

J\Bh (lnaJn*8 Anatomy. Edited by Db. Shabfkt and Mb. Quain, Pro- 
feasors of Anatomy and Physiology in University College, Londcm. Fifth 
Edition. Complete in Two VolumeSy Svo. Illustrated by four hundred 
BngravingB on Wood. Price 2L 

Demonstrations of Anatomy, a Guide to the Dissection of the Human 
Body. By Gbobgk Vineb Ellxb, Professor of Anatomy in Uniyersity CoUege^ 
London. Third Edition. Small Sva 12«. 6d. doth. 

The Essentials of Materia Hedica, Therapentios, and the 

PHARMACOP(EIAS. For the use of Students and Practitioners. By Altbkd 
Babimo Gabbod, M.D., Professor of Materia Medica and Therapeutics ia 
Uniyersity College, London. Fcp. Svo. 6s. 6d, 

Lectures on the Principles and Practice of Midwifery. By 

Edwabd Wm. Mubpht, A.M., M.D., Professor of Midwifery in Uniywaity 
College, London. One Volume, 8yo, many Illustrations, 16«. 

" The work will take rank amonv the best treatises on the obstetric art By 
this work. Dr. Murphy has placed his reputation and his fiune on a solid and 
durable foundation.''— ihiMin Medieal Prm, 
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A Handbook of FhyBiolOgy. By Willxak Sskhousb Eibkss, M.D., De- 
monstrator of Morbid Anatomy at St. Bartholomew's Hospital. Assisted by 
Jakbb PAOirr, Lecturer on General Anatomy and Physiology at St. Bartho- 
lomeVs Hospital. Second Edition. One Volume 12mo, with Illustrations. 
12s. ed, ' 

On Pain After Food; its Causes and Treatment ByEowARD 

Ballard, M.D., Lond., Lecturer on the Practice of Medicine at the School of 
Medicine acyoining St. George's Hospital. One vol. A». M. cloth. 

Physical Diagnosis of the Diseases of the Abdomen. By edwasd 

Ballabd, M.D., Late Medical Tutor in University College, London. Large 
12mo, 1». 6d. cloth. 

"The profession is much indebted to Dr. Ballard for this unpretending little 
volume, which, we feel certain, if carefitlly studied, will accomplish its object of 
removing many of the difficulties at present surrounding the diagnosis of 
abdominal diseases."— Zancet. 

A Practical Treatise on Diseases of the Heart and Lnngs, 

their Symptoms and Treatment, and the Principles of Physical Diagnosis. By 
W. H. Walshs, M.D.. Professor of the Principles and Practice of Medicine and 
Clinical Medicine in University College, London ; Physician to University Col- 
lege Hospital, and Consulting Physician to the Hospital for Consumption and 
Diseases of the Chest. A new and considerably enlarged edition. One Volume, 
12». M. cloth. 

This work is what its name indicates it to be— eminently practical. That 



it will add laiigely to the already great reputation of its author, no question can 
be entertained. It is £eu: in advance of any other Treatise on Diseases of the 
Chest, either in this or any other country. Every page — we were about to say 



every line— contains a fact, often new, and alvfays retting on the AiUhor's own 
obitrvatwM. Cases are ouoted to prove every new statement, and to support 
every alignment addncea in opposition to others. To the practitioner, the 
clinical teacher, and to the students this work will prove alike invaluable."— 
Medieal Timet. 

The Natore and Treatment of Cancer. By w. h. walshi, m.d., 

Professor of Medicine in University. CoUese, Physician to University College 
Hospital, and Consulting Physician to uie Hospital for Consumption and 
Diseases of the Chest. One Volume, 8vo, with Illustrations. Cheap Issue, (to. Qd. 

The Diseases of the B^ectom. By Riohabd Quain, F.R.S., Professor of 
Clinical Surgery in University College* and Surgeon to University College Hos- 
pital. With Lithographic Plates, ^ond edition enlaiiged. PostSvo. la.M. 
cloth. 

"This Treatise is eminently of a practical character, and contains much 
original and valuable matter. It is not indeed a literary compilation, but rather 
an exposition of the author's opinions and practice in those diseases."— .iModo- 
tion Journal, 
The Science and Art of Snrgery. Being a Treatise on Sunglcal injuries, 
Diseases, and Operations. By John Ebichsbn, Professor of Surgery in Uni- 
versity College, and Suxgeon to University College Hospital. 250 Wood 
Engravings. 8vo. \l.bt. 

'^The aim of Mr. Brichsen appears to be, to improve upon the plan of 
Samnd Cooper; and by connecting in one volume the science and art of 
Suivery, to supply the student with a text-book and the practitioner with a 
work of reference, in which scientific principles and practical details are alike 
included. 

•* It must raise the character of the author, and reflect great credit upon the 
CoUeoe in which he is Professor, and we can cordially recommend it as a work 
of reference, both to students and practitioners."— iffldicoj Tima. 

The Miorosoopio Anatomy of the Hnman Body in Health 

AND DISEASE. Illustrated with numerous Drawings in Colour. By Abthvb 
Hill Hassall, M.B., Fellow of the Tilnntnan Society, Member of the Boyal 
College of Suigeons, &c. &c. Two Yols. 8vo, 2t. b». 

EassaU*s History of the British Freshwater Algse, including 

Descriptions of the Desmldess and Diatomaoese. With upwards of 100 Plates, 
Ulustratiug the various species. Two Yola. 8vo, 21. St. 



U WOBXS FUBUSHBD BT 

Xorton'f Snrrieal AnatomT of fhe Principai 

Oomptoted by Mr. CAsam, Ute Asristent Buxgaon, TTniveraity CoUego ] 
Twenty-ftTo Lithogmpluc Dlustnitkina Coloured, and Twaaty-five Wo< 
B<^8vo, au doth Inttorod. 

" The work thus oompleted oonstitates a neeftil guide to the stodmitk and 
TCmembranoer to the pniotitlaner. We can speak veiy &vourably of the general 
execution of the woriL The coloured UthographB are. for the most party well 
drawn, and MthAilly represent the broad features of the seTeral ports. The 
woodcuts are well engraved, and very dearty exhibit the points whidi 
thay am intended to illustiate.''— ilMtooi OaeetU, 

A S«ri6f of Anatomieal Flstei in Idfhography. sdued 17 

JomBs QuAiM, H.D., and Eraskub Wilson, F.R.S. 
*«* A remortaftly c^Mip i$nu U mow o» Mb at the following Unoprien:^ 

To SubseribenL Former Pike. 

THB COMPLBTB WORK, in Two Volumes, Boyal £ o. d. & t, d. 

Folio. Half-bound Morocco 6 6 8 8 » 

THB SAJOI^ Full Coloured, Half-bound Morocco . 8 8 14 

Tk4 Worhmay aim bt pnrchicmd in otparaU portUmt, bownd in doth and Lettered, 
as/oUotoe :• — 

PLAOr. OOLOintSD. 

To Subaerfben. Fonuer Mo*. ^ Sabicriben. Fonncr fneo. 
£ t. d, £ «. d. £ «. d.' £ «. d. 
Muscles. 61 Plates .. 160 118 — 240 8120 

Vessels. 60 FUtes . . . 160 118 — 200 880 
Nerves. 88 Plates .. 110 110 — 114 2 16 

Viscera. 82 Plates . . . 17 160 — llOO 280 
Bones and Ligaments. 30 Plates 17 160 — 100 1116 

%* PropoedU with fuil particuiara may be had of the FftbUshers, by whom and by aU 
BookaeUere, Subeeriben^ namee wiU be rtoeived. 

On Oravel, CalcnlnS, and Oont; chiefly an AppUcat^n of Professor 
Liebig's Physiology to the Prevention and Cure of those Diseases. By H. Besos 
JovBS, M.D., F.B.S., Physician to St. George's HoepitaL 8vo, Oa doth. 



CHEMISTRY, &c. 
PKINCIPLES of Agrionltnral Chemistry, with spedai Befersnee to 

^ the late Researches made in England. By JUSTUS VON LIEBIO, Pn^bssmr of 
Chemistry in the University of Munich. Small 8vo., 8«. 6d, doth. /Uft jmbtUhei, 

Familiar Letters on Chemistry, in its i«iations to phyridogy, 

Dietetics, Agriculture, Commerce, and Political Economy. By Jttbtus Voir 
LiBBio. A New and Cheap Edition, revised throughout, with many additional 
Letters. Complete in one Volume, Foolscap 8vo, price 6s. cloth. 

Practical Pharmacy. The Arrangements^ Apparatus, and Manipulations of 
the Pharmiaceutical Shop and Laboratory. By Fbancis Mohb, Ph. D., and 
Thsopbilus Redwood, Professor of Chemistry and Pharmacy to the Phar- 
maceutical Society. 400 Engravings on Wood. 8vo, 6e. 6d. cloth. 

Oregory*s Handbook of Inorganic Chemistry. For the use of 

Studenta By Willxaic Oreoobt, M.D., Professor of Chemistry in the 
University of Edinburgh. Third Edition, revised and enl urged. ISmo, be. M. 
* * A young man who has mastered these few and by no means closely printed 
pages, may venture to face any board of examiners on Chemistry, vrithciit fear 
of being posed by any taix question."— .iwociotion JowmaL 

Gregory's Handbook of Organic Chemistry ; bemg a Newandgnat^ 

Enlarged Edition of the " Outlines of Oreanio Chemistry, for the UM of 
Students." One volume^ huge I2au>, 9$. Od. doth. 
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Handbook of Organio Analysis. Br Justus lbko. Edited by 

DiL HoFMANir , Professor in the Boyal College of Chemistxy, London. Lai^ 
12mo. Illustrated by 85 Wood Engravings. 6*. doth. 

'* The work now before us is a most yaluaUe contrfbatloa to our knowledge 
on this most important subject. The style is lucid, and the processes are not 
only explained to the mind, but are made manifest to the eye by a profusion of 
beautiful illustrations. "r-Jfetficai limeM. 

Handbook of Inorganio Analysis. By FiunDuoB wshur, h.d.. 

Professor of Chemistry in the University of Oottingen. Translated and Edited 
by Dr. Hofmann, Professor in the Boyal College of Chemistry, London. Large 
iSmo, 6s. 6d. doth. 

' ' Next to Rose of Berlin in the ranks of living analytic ohemisti, particularly 
in the inoiganic department of the art, stands Friedrich WChler. who has in 
this book given us a compendium of inoiganic analysis, illustrated oy examples 
of the methods to be pursued in the examination of minerals, both of a simple 
and complex constitution, which, if followed out bv the student with ordinary 
care and patience, and with some little practical instruction, will not fidl to 
render him a thorough master of this division of diemical knowledge. "-« 
Association JoumaL 

Elements of Chemieal Analysis, Qnalitative, and Qnantitatiye. 

By Edwabd Andbxw Pabnbix^ author of "Amilied Chemistry; in Arts, 
Manufhctures. and Domestic Economy." Second Edition, revised throughout^ 
and enlaxged oy the addition of 200 pages. 8vo, Cheap Issue, 9s. doth. 

Animal Chemistry; or, Chemistry in its Applioations to Phy- 

BIOLOOT AND PATHOLOGT. By Justus Lnna, M.D. Edited ftom the 
Author's Hanuscrii)t» by William Obigoiit, H.D. Third Edition, almost 
wholly re-written. 8vo^ Part I. (the first half of the work) 6s, 6d, doth. 

Chemistry in its Application to Agrionltnre and Physiology. 

By Justus Lixbig^ M.d. Edited rom the Manuscript of the Author, by Ltoh 
Flatfaib, Ph. D., and Wm. GBaooBT, M.D. Fourth Edition, revised. Cheap 
Issue. 8vo^ 6s. 6cL 

Dyeimr and Calieo Printing. By bdwabd Anoinr taxskll, Author of 

<<Elements of Chemical Analy&." ^Reprinted from Pamell's " Applied Che- 
mistry in ManufactureSt Arts^ and JDomestio Eoanomy, 1M4.") With Illus- 
trations. 8vq, 7«. doth. 

Otitlines of the Conrse of ftnalitative Analysis followed in the 

OIBSSEN LABORATOBT. ^y Hxnkt Will, Ph. D., Professor Extraordinary 
of Chemistxy in the University of Oiessen. With a Pre&ce by Babon Lixbio. 
8vo, 0«., or with the Tables mounted on linen, 7«. 

Turner's Elements of Chemistry. Edited by Professors LiXBto and 
Oeboobt. Eighth Edition. 1 Yoi. 8vo, II. IQs. 



COMMON-PLACE BOOKS AND UTERAEY DIAEIES. 

THE Private Diary. Arranged, Printed, and Buled forreodvfaig an account 
of every day's employment for the space of one year. "With an Index and 
Appendix. Cheaper Edition. Post Svo, strongly half-bound, St. 6d. 

The 8tadent*S JonmaL Formed on the plan of the *<Pzivate Diary." 
Cheajwr Editish. Post 8vo, strongly half-bound, Ss, 6d. 

The literary Diary; or complete Common-Place Book, with an Explana- 
tion and an Alphabet of Two Letters on a Leaf. Cheaper Edition. Post 4to, 
ruled throughout^ and strongly half-bound, 8s. 6d. 

A Pooket CommOB'place Book, with Logu's index, cheaper Edition. 
Post 8vo^ strongly haiu-bound Of. Od. 



1« WORKS PUBLISHED BY WALTON AND MABERLT. 



DRAWING, &C. 

— ♦ — 

I^IHEAL Drawing Copies for fhe Earliest Lutrnqtion. com- 

prisliig 200 subjects on 34 sheets, mounted on 12 pieces of thick pasteboard. By 
uie Author of " Drawing for Toun^^ Children." In a portfolio. 6s. 6d. 

Easy Drawing Copies for Elementary Instruction, bj the Author 

of "Drawing for Young Children." Set I. Twenty-six Subjects mounted on 
pasteboard. Price Ss. dd., in a Portfolio. Set II. Forty-one Subjects mounted 
on pasteboard. Price S«. 6d., in a Portfolio. 
\* The Work may also be had (two sets together) in one Portfolio, price 6s, €d. 

Drawing Models, consisting of Forms for Constructing various Buildings, 
Gateways, Castles, Bridges, &c. The Buildings will be found suflBciently laige 
to be orawn from by a numerous Class at the same time. In a Box, with a 
small Treatise on Drawing and Perspective. Price 2L 10s. Length of tiie Box, 
18^ inches; breadth IS inches; height 8i inches. 

Drawing Materials, a Quarto copybook of 24 leaves, common paper, 6d. 
A Quarto Copybook of 24 leaves, paper of superior quality, Is. 3d. A Quarto 
Copybook of 60 leaves, 1«. M. Pencils, with very thick lead, B.B.B. 2s. per 
hau-dozen. Pencils, with thick lead. F. at Is. Qd. ditto. Drawing Chalk, 6d, 
per doaen sticks, in a Box. Fort-crayons forliolding the Chalk, 4<2. each. 

Ferspeotiye. its Principles and Practice. By O. B. Moobk. In two parts^ Text 
and Plates. Svo, cloth, Ss. 6d, 

The Frinoiples of Colour applied to Decorative Art. By a. b. 

HooM, Teacher of Drawing in University College, London. Fcap. 2s. 6d. 



THE Singing Master. People's Edition. (One-Half the Original Price.) 
Sixth Edition. 8vo. 6s. cloth lettered. 

" What chiefly delights us in the 'fflnging Master' is the intermixture of many 
little moral songs with the ordinary glees. These are chiefly composed by 
Mr. Hickson himself; and we could scavcely imagine anything of the kind 
better executed. They relate to exactly the class of subjects which aU who 
wish well to the industrious orders would wish to see imprinted on their inmost 
nature— contentment vrith their lowly but honourable lot, the blessing that 
flow finom industry, the fostering of the domestic a£bctions. and aspiraticms for 
the improvement of aociety. "—Oiambers' Journal. 

%* Sold also in JPive Parts, any ofvihvch may be had separatdy asfoUows: — 

FIBfiT LESSONS IN SINGING AND THE NOTATION OP MUSIC. 
Containing Nineteen Lessons in the Notation and Art of Beading Music. 8vo^ 
1 • sowed. 

RUDIMENTS OP THE SCIBNCB OP HABMONY OR THOROUGH BASS. 

8vo, Is. sewed. 
THE FIRST CLASS TUNE BOOK. A selection of thirty single and pleasing 

airs, arranged with suitable words for young children. 8vo, Is. sewed. 
THE SECOND CLASS TUNE BOOK. A selection of Vocal Music adapted 
for youth of diflisrent ages, and arranged (with suitable woids) as two and three- 
part harmonies. 8vo, Is. 6dL 
THE HYMN TUNE BOOK. A selection of Seventy popular Hymn and 
Psalm Tunes, arranged with a view of fieuiilitating the pipgress of children learning 
to sing in jpaxta. 8vo, Is. 6d. 

The words without the Music may be had in three small books as follows :— 
MORAL SONGS, from tlie First Class Tune Book. Id. 
MORAL SONGS, from the Second Class Tune Book, Id. 
HYMNS from the Hymn Tune Book, l^cZ. 
*»• The Vocal Exercises, Moral Bongs, and Hymns, with the Mucdc, may also be 
had, printed on Cards, price Twopence each Card, or Twenty-five for Three Shillings. 
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